(ig)lJb| Canadian 

m^m Intellectual Property 



Office 

An Agency of 
industry Canada 



Office de ia Propriete 

Intellectuelle 

du Canada 

Un organisme 
d'industrie Canada 



(11) CA 2 306 313 o^) A1 



(43) 20.05.1999 



(12) 

(21) 2 306 313 

(22) 03.11.1998 



(51) Intel.*: 



C07C 

C07D 
C07D 
C07D 
C07D 
C07D 
C07D 
C07C 
C07D 
C07C 
C07D 
C07D 
C07D 
C07D 



255/29 

249/06 
295/08 
209/1 8 
333/24 
207/32 
333/40 
255/44 
241/44 
323/52 
307/54 
213/64 
213/81 
307/85 



C07D 
C07K 
C07D 
C07C 
A61K 
A61K 
C07D 
C07C 
C07D 
C07D 
C07C 
G07D 
C07D 



211/06, 

005/062, 

295/14. 

271/22, 

031/275, 

031/33, 

209/42, 

31 7/44, 

215/48, 

233/54, 

323/62, 

307/68, 

213/82, 



(85) 13.04.2000 

(86) PCT/EP98^937 



m 



WOg9/24460 



(30) 


9723407.4 GB 05.11.1997 


GREENSPAN, PAUL DAVID (US). 


08/985,973 US 05.12.1997 


MISSBACH, n/lARTIN (CH). 
COWEN, SCOTT DOUGLAS (US). 


(71) 




TENO, NAOKI (JP). 


NOVARTIS AG, 


MCQUIRE, LESLIE WIGHTON (US). 




Schwarzwaldallee 215 


GOHDA. KEIGO (JP). 




CH-4058, BASEL, XX (CH). 


TAKAI, MiCHIHIRO (JP). 




SAKAKI, JUNICHI (JP). 


(72) 




ALTMANN, EVA (CH). 


TOMMASI, RUBEN ALBERTO (US). 


BETSCHART, CLAUDIA (JP). 




LATTMANN, RENE (CH). 


(74) 




HORIUCHI, MIYUKI (JP). 




VAN DUZER, JOHN HENRY (US). 


FETHERSTONHAUGH & CO. 



(54) NITRILES DE DIPEPTIDES 
(54) DIPEPTIDE NITRILES 



(57) 

N-terminal substituted dipeptlde nitrrles as 
defined are useful as inhibitors of cysteine catliepsins, 
e.g. cathepsins B, K, L and S. and can be used for the 
treatment of cysteine cathepsin dependent diseases and 
conditions, including inflammation. rheumatoid 
arthritis, osteoarthritis. osteoporosis, tumors 
(especially tumor Invasion and tumor metastasis), 
coronary disease. atherosclerosis (including 
atherosderofic plaque rupture and destabilization). 
Particular dipeptlde nitriles are compounds of formula 
(0, or physiologically-acceptable and -cleavable 
esters or salts thereof, wherein: the symbols are as 
defined. In particular it has been found that by 
appropriate choice of groups R, R2, R3, R4, R5. XI, Y 
and L. the relative selectivity of the compounds as 
inhibitors of the various cysteine cathepsin types, 




e.g. cathepsins B, K» L and S, may be altered, e.g. to 
obtain inhibitors whicli seiectiveiy Inhibit a 
particular cathepsin type or combination of cathepsin 
types. 
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(I) 



(57) L 'invention conceme des nitriles de dipeptides a 
substitution de rextr^mit^ N-terminale qui sont de 
puissanls inhibilcurs dcs cathcpsincs dc cysteine, par 
exemple, les cathepsines B, K, L et S et peuvent etre 
utilises pour traiter !es maladies et les 6tats d^endants 
de la cathepsine de cysteine, y compris, T inflammation. 



(57) N-terminal substituted dipeptide nitriles as 
defined are iLseful as inhibitors of cysteine 
caUicpsins, e.g. calhq)iiins B, K, L and S, and can be used 
for the ti^tment of c>'steine cathepsin dependent 
diseases and conditions, including inflammation, 
rheumatoid arthritis, osteoarthritis, osteoporosis, rumors 
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la polyarLhriLc rhumaloidc, rarthrosc, Toslcoporosc, Ics 
tumeurs (en parti culier, T invasion tumorale et les 
metastases tumorales), les maladies coronaires, 
Tath^rosclerose (y compris la nipture et la 
d^stabili.sation des plaques d'atheroscl6rose). En 
particulicr, les nilrilcs dc dipcplidcs sonl dcs composes 
de la forraule (I) ou des esters physiologiquement 
acceptables ou pouvant etre scindes ou des sels de ces 
demiers. Dans la formule, les symboles sont tels que 
d^finis. On a constats qu*un choix appropn6 def? 
gioupcs R. R3, R4, R^, Xj, Y cL L pcnncLiail dc 

modifier la s61cctivit6 relative dcs composes commc 

inhibiteurs des divers types de cathepsine de cysteine, 
par exeniple, les cathepsines B, K. L et S pour obtenir 
des inhibiteurs qui inhibent, de maniere selective, 
un type de cathq)sine particulier ou des combinaisons 
dc types dc cathcpsines. 



(especially lumor invasion and tumor melastasis), 
coronary disease, atherosclerosis (including 
atherosclerotic plaque rupture and destabilization). 
Particular dipeptide nitriles are compounds of 
formula (T), orphyfriologically-acceptable and -cleavable 
esters or salts thereof, wherein: the symbols are as 
defined. In particular it has been found that by 
appropriate choice of groups R- R2, R^, R^, R^, X^, Y 

and L, the relative selectivity of the compounds as 
inhibitors of the various cysteine cathepsin types, e.g. 
cathepsins B, K, L and S, may be altered, e.g. to obtain 
inhibitors which selectively inhibit a particular cathepsin 
t\'pe or combinatioii of cathepsin t>'pe3. 
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(57) Abstract 

N-cerminal substituted dipeptide nitriles as defmed aie useful as inhibitors of cysteine catbepsins, eg. calfaepsins B. K. L and S. and can 
be used for die treatment of cystenie catbepsin dependent diseases and conditions, inchxding inflammaticKi, rheumatoid arthritis, osteoarthritis, 
osteoporosis, tumors (especially tumor invasion and tumor metastasis), coronary disease, atherosclerosis (including atherosclerotic plaque 
rupture and destabillzation). Particular dipeptide nitriles are comtxninds of fomiula (I), or physiologically-acceptable and -cleavable esters 
or salts thereof, wherein: the symbols are as defined. In particular it has been found that by appropriate choice of groups R, R2i R3. R4, 
R5, Xi, Y and L, fte relative selectivity of the compounds as inhibitois of the various cysteine cathepsin types, e.g. cathepsins B. K, L and 
S, may be altered, e.g. to obtain inhibitois which selectively inhibit a partKular cathepsin type or combination of cathepsin types. 
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This invention relates to inhibitors of cysteine proteases, in panicular to dipeptide nitrile 
cathepsin inhibitors and to their pharmaceutical use for the treatment or prophylaxis of diseases or 
medical conditions in which cathepsins are implicated. 

The cysteine cathepsins, e.g, cathepsins B, K, L and S, are a class of lysosomal enzymes which 
are implicated in various disorders including inflammation, rheumatoid arthritis, osteoarthritis, 
osteoporosis, tumors (especiaUy tumor invasion and tumor metastasis), coronary disease, 
atherosclerosis (inchtding atherosclerotic plaque rupture and destabilization), autoimmune diseases, 
respiratory diseases* infectious diseases and immunologically mediated diseases (including transplant 
rejection). 

In accordance with the invention it has been found that dipeptide nitrites are particularly useful 
as cysteine cathepsin inhibitors and can be used for the treatment of the above-cited cysteine 
cathepsin dependent conditions. 

Accordingly the present invention provides an N-ierminal-substituted dipeptide nitrile, i.e. a 
dipeptide in whkh the C-terminal carboxy group of the dipeptide is replaced by a nitrile group (- 
Ca^) and m which the N-terminal nitrogen atom is substituted via a peptide or pseudopeptide 
hnkage which optionally additionally comprises a -methylene-heiero atom- linker or an additional 
hetero atom, directly by aryl, lower alkyl lower alkenyl, lower alkynyl or heterocyclyl, 
or a physiologically-acceptable and -cleavabie ester or a salt thereof, . 
for use as a phannaceutical. 

The invention further provides a pharmaceutkal composition con^rismg an N-terminal- 
substituted dipeptide nitrile as defined above as an active ingredient. 

The invention also provides a method of treating a patient suffering from or susceptible to a 
disease or medical condition in which a cathepsin is implicated, comprismg administering an effective 
amount of an N-terminal-substituted dipeptide nitrile as defined above to the patient. 

The invention further includes the use of an N-terminal-subsiituted dipeptide nitrile as defined 
above for the preparation of a medicament for therapeutic or prophylactic treatment of a disease or 
medical condition in which a cathepsin is implicated. 
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The dipeptide nitrile of the invention conveniently conqirises a-amino acid residues, inchiding 
both natural and unnatural a-amino acid residues. Herein the "natural a-amino acid residues*" denote 
the 20 amino acids obtainable by translation of RNA according to the genetic code or the 
corresponding nitriles thereof, as appropriate. •OJnnatural a-araino acid residues" are a-amino acids 

■ * 

which have a-substituents other than those found in '"natural a-amino acid residues**. Preferred a- 
amino acid residues, as the C-terminal amino acid residue of the dipeptide nitrile, are the nitriles of 
tryptophan, 2-benzyloxymethyl-2-anuno-acetic acid, 2,2-dimethyl-2-amino-acetic acid. 2-butyl-2- 
amino-acetic acid, methionine, leucine, lysine, alanine, phenylalanine, and glycine and derivatives 
thereof, e.g. as hereinafter described. Preferred ammo acid residues as the N-terminal amino acid 
residue of the dipeptide nitrile are 1-amino-cyclohexanecarboxylic acid, 1-amino- 
cyclohepianecarboxylic acid, phenylalanine, hisiidine, tryptophan and leucine and derivatives thereof, 
e.g. as hereinafter described. 

Tb& arj{l, lower alkyl lower alkenyl lower alkynyl or heterocyclyl substituent (hereinafter 
refierred to as R) is anached to the the N-temrinal nitrogen atom of the dipeptide via a peptide 
linkage, Le. as R-C(0)-NH-, or via a pseudopepiide linkage. Suitable pseudopeptide linkages include 
sulphur in place of oxygen and sulphur and phosporous in place of carbon, e.g. as R-C(S)-NH-, R- 
S(0)-NH-, R-S(0)2-NH- or R-P(0)2-NH and analogues thereof. Additionally the peptide or 
pseudopeptide linkage between the R substituent and the N-terminal nitrogen atom may comprise an 
additional hetero atom, e.g. as R-Het-C(0)-NH-, or a -methylene-hetero atom- linker, e.g. as R-Het- 
CH2-C(0)-NH- or R-CH2-Het-C(0)-NH-, wherein Het is a hetero atom selected from O, N or S, 
and pseudopeptide contaming altemaUves thereof, e.g. as defined above. When the linkage between 
the aryl substituent and the N-termmal nkrogen atom comprises a -methylene-hetero atom- linker, 
the methylene group and the hetero atom may be optfenally further substituted, e.g. as hereinafter 
described. 

The R substituent may be further substituted, e.g, by up to 3 substituents selected from 
halogen, hydroxy, amino, nitro. optronally substituted Ci^alkyl (e.g. alkyl substituted by hydroxy, 
alkyloxy, amino, opiionaHy substituted alkyiamino, optronally substituted dialkylamino, aryl or 
heterocyclyl), Cwalkoxy, C2^alkenyl, CN. trifluoromethyl, trifluoromethoxy, aryl. (e.g.phenyl or 
phenyl substituted by CN, CF3, halogen, OCH3), aryloxy, (e.g. phenoxy or phenoxy substituted by 
CN, CF3, halogen, OCH3), benzyloxy or a heterocyclic residue. 
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Accordingly in preferred embodiments the invention imvides a compound of formula I, or a 
physiologicaDy-acoeptable and -cleavable ester or a salt thereof 




wherein: 

R is optionaDy substituted (aryl, lower alkyl, lower alkenyl, lower alkynyl, or heterocyclyl); 
Ri and R3 are independently hydrogen, or optionally substitued [lower alkyl, cycloalkyl. 

bicycloalkyl, or (aryl, biaryl, cycloalkyl or bicycloalkyl)-lower alkyl]; or 
R2 and R3 together represent lower alkylene. optionally interrupted by O, S or NRe* so as to 

form a ring with the carbon atom to which they are attached 

wherein Ra is hydrogen, lower alkyl or aryl-lower alkyi; or 
either or are linked by lower alkylene to the adjacent nitrogen to form a ring; 
Ra and R5 are independently H, or optionally substituted (lower alkyl, aryWower alkyl), - 

C(0)0R7. or -C(0)NR7R«. 

wherein 

R7 is optionally substituted Gower alkyl, aryl, aryl-tower alkyl, cycloalkyl, bicycloalkyl 
or teterocyclyl), and 

R« is H, or optk>nally substituted (tower alkyl, aryl, aryl-tower alkyl, cycloalkyl 

bicycloalkyl or heterocyclyl), or 
R4 and Rs together represent lower alkylene, optionaDy mterrupted by O, S or NR«, so as to 

form a ring with the carbon atom to which they are attached 

wherein R< is hydrogen, lower alkyl or aryl-lower alkyl, or 
R4 is H or optionally substituted lower alkyl and R5 is a substituent of formula -X2-(Y|)„- 

(Ar)p.Q-Z 

wherein 

Y, is O, S, SO, SO2, N(R«)S02, N.R6, SOaNR^. CONRa or NR^CO; 
n is zero or one; 
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p is zero or one; 

X2 is lower alkylene; or when n is zero, X2 is also Cj-Ci-alkylene interrupted by S, SO, 
SO2. MR*, SO2NR6, CONR« or NR^CO; 

wherein Re is hydrogen, bwer akyl or aryl-lower aOcyl; 
Ar is arylene; 

Z is hydroxy, acyloxy, carboxyl, esterified carboxyl, anudated carboxyl, aminosulfonyl, (lower 
alkyl or aryl-iower alkyDaminosuIfonyl, or (lower alkyi or aryl-lower 
a]kyl)sutfonylaniinocarbonyl; or Z is tetrazotyl, triazolyl or imidazolyl; 

Q is a direct bond, lower alkylene, Yrlower alkylene or Ca-Cralkylene intemipted 
byY,: 

X, is -C(0)-, -C(S)-, -S(OK -S{0)2% -P(0)(0R6)- 
wherein R^ is as defined above; 
Y is oxygen or sulphur; 

L is optionally substituted -Het-, -Het-CH}- or -CH2-Het', 
wherein Het is a hetero atom selected from O, N or and 
X is zero or one; 

and aryl in the above definitions represents carbocyclic or heterocyclic ^I, 
for use as a pharmaceutical; 

a {rfiarmaceutical con^s]tk)n comprising a compound of formula I as defined above as an 
active ingredient; 

a method of treating a patient suffering from or susceptible to a disease or medical condition in 
which a cathepsin is inq^licated, comprising administering an effective amount of a compound 
of formula I as defined above to the patient; and 

use of a compound of formula I as defined above for the preparation of a medicament for 
therapeutic or prophylactic treatment of a disease or medical condition in which a cathepsin is 
implicated. 

The invention also provides novel dipeptide nitriles. 



Accordingly the invention further provides a compound of formula I as defined above 
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provided that when R is lower alkyl not substituted by aryl, 

one of R4 or R5 is a substituent of formula -Xr(Yi)n-(Ar)p-Q-Z, 
provided that when x is one* L is or -CH2-O- and Xi is -C(0)-, 

either one of Ri or R5 is a substituent of formula -Xr-(Yi)„-(Ar)p-Q-Z;, or R is not 
unsubstituted phenyl, 

provided that when R2 = R4 = Rs='H, xis zero and Xi is -CCO)-, 

R3 is not H, -CH3. -CH(CH3)2, -CH2-CH-(CH3)2. -CH2-COOH. or -CH2-COO-CH2" 
CH3, when R is unsubstituted phenyl, 

R3 is not H. -CH(CH3)2. or -CH2-CH-(CH3)2. when R is 4-aaunophenyl or 4- 
nitrophenyl, 

R3 is not H when R is 3-aminophenyl. 3-nitrophenyl 2-chloTopyridin-4-yl, or vinyl or 
R3 is not -CHi-CHrS-CHa when R is pyridin-3-yl or 2Kiiloropyridin-4.yl. 
provided that when Rj = R3 = R4 = H, x is zero and Xi is -C(0)- and R is phenyl, 
R5 is not -CH(CH3)2, 

provided that when R3 = R4 = H, R3 is -CH2-CH2-COOH, x is zero and X| is -C(0)-, 
R2 does not form a heterocyclic ring with the adjacent nitrogen atom, and 

provided that when R2 = R3 « R4 = R5 = H, x is zero and Xi is -SO2-, 
R is not 4-methy^henyl. 



In formula I R, R2, R3. R*. R5 and L may be further substituted by one or more, e.g. up to 3, 
subsiituents independently selected from lower alkyl, aryl, aryHower alkyl, cycloalkyl, 
heterocyclyl, -CN, -halogen, -OH, -NO2, -NR9R10, -X3-R7, lower alkyl-X^-Rg, halo- 
substituted lower alkyl, 
wherein R? and R« are as defined above, 

X3 is -O. -S-. -NRr, -C(0)., -C(S)-, -S(0)., -S(0)2-, -C(0)0-, -C(S)0-. - 
C(0)NR8-, 

wherein R^ is as defined above, 
R9 and Rio are independently as defined above for Ra, or -X4-R«, 
wherein X4 is -C(0)-, -C(S)-, -8(0)-, -S(0)2., -C(0)0-, -C(S)0-. -C(0)NR6- 
wherein R« and R7 are as defmed above, or 
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R9 and R,o together with N form a hetcroaryl group or a saturated or 
unsaturated heterocycloalkyl group, optionally containing one or more additional 
heteroatoms selected from O, N or S. 



Compounds of formula I exhibit valuable pharmacological properties in mammals, in particular 
as cysteine catbepsin inhibitors- In accordance with the present invention it has been found that by 
appropriate choice of groups R, R2, R3, R4. R5, X|, Y and L, the relative selectivity of the 
con5>ounds as inhibitors of the various cysteine cathepsin types, e.g. cathepsins B, K, L and S may 



combination of cathepsin types. 

In a first aspect the invention provides a compound of formula II, or a physiologically- 
acceptable and -cleavable ester or a salt thereof 




wherein: 

R20 is optionally substituted (aryl, aryHower alkyl. lower alkenyl, lower alkynyl, heterocyclyl, 

or heterocyclyl-tower alkyl); 
R22 is H, or optionally substitued lower aUcyl, and 

R23 is optionally substituted (lower akyl, aryHower alkyl, or cyloalkyl-lower alkyl) or 
and R23 together with the carbon atom to which they are attached form an optionally 

substituted (cycloalkyl group or heterocycloalkyl group); 
R24 and R25 are independently H, or optionally substituted (lower alkyl, or aryl-lower alkyl), 

-C(0>0R7. or -C(0)NR7R8 

wherein R? and Ra are as defined above, or 
R24 and R25 together with the carbon atom to which Uiey are attached form an optionally 

substituted (cycloalkyl group or heterocycloalkyl group); 
Xi is as defmed above; 
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Y is oxygen or sulphar; 

L* is optionally substituted (*Het-CHr or -CH2*Het-), 

wheran Het is a a betero atom selected from O, N or S » and 
X is 1 or 0, 

provided that when x is one, L is -CHrO- and Xi is *C(0}-, 

R20 is not unsubstituted phenyl, 
provided that when R22 = R24 = R25 = H, x is zero and X| is -C(0)-, 

Ra3 is not H, -CHj, -CH(CH5)2. -CH2-CH-(CH3)2, -CHrCOOH, or -CH2-COO-CH2- 

CH3» when R20 is unsubstituted phenyl, 

R23 is not H, -CHCCHjh, or -CHrCH-(CH3)2. when R20 is 4-aminophenyl or 4- 
nitropheny], 

R23 is not H when R20 is 3-aminophcnyl, 3-nitrophenyl 2-chloropyridin-4-yl, or vinyl, or 
R23 is not -CH2-CH2-S-CH3 when Rao is pyridin-3-yl or 2-chIoropyridin-4-yl» 
provided that when R22 = R23 = R24 = H, x is zero and Xi is -C(0)- and R20 is phenyl. 
R25 is not -CH(CH3)2, 

piovided that when R23 = Ra4 » H, Ras is -CH2-CH2-COOH, x is zero and X| is -C(0)-, 
R22 does not form a heterocyclic ring with the adjacent nitrogen atom, and 

provided that whMi R22 = Rzj = R2< = R25 = H, x is zero and X| is -SO2-, 
R30 is not 4-methylphenyL 

Coin)ounds of formula II are typically inhibitors of cathepsins K, L or S» especially selective 
inhibitors of catepsin K or cathepsin L or cathepsin or in some case inhibitors of« e.g. cathepsins L 
andS. . 

The substituents of the conqx>unds of formula II have the following preferred significances. 
Preferred compounds of formula n con^se con^unds having preferred substituents, singly or in 
any combination. 

Preferably when R20 comprises aryl, the aryl is optionaUy substituted (phenyl, naphthylwiyl, 
phenanthrenyl, thiophenyl. fiiranyl, pyrrolyl pyrazolyl, thiazolyi, pyridinyl, indolyl, quinolinyL 
isoquinolinyl, benzothienyl and benzofuranyl). 
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Preferably R22 is hydrogen* 

Preferably R23 is optionally substituted (lower alkyl, aryl-lower alkyl or cycloalkyl-lower alkyl), 
or and R32 together with the carbon atom to which they are attached form a Cs-Cs. especially a 
Q or Ci, cycloalkylgroup. More preferably R23 is -CH2-CH(CH3)2, or optionally substituted benzyl, 
cyclohexylmethyl, naphthalenybncthyl, indolylmethyl, benzothienybnethyl or benzofuranylmethyl, or 
R23 and R23 together with the carbon atom to which they are attached form a cyclohexane ring. 

Preferred significances for R24 and R25 are: 

R24 and R25 are both H or -CH3, or 

R24 is H and R25 is aryl-lower alkyl, lower aDcyl. both optionally substitued by up to 3 
substituents selected from amino, halogen (e.g. fluorine or preferably chlorine) or S-CH3, or 

R24 and R25 together with the carbon atom to which they are attached form a C3-C7 cvcloalkvl 

ring. 

More preferably R24 is H and R25 is optionally substituted (-CHa-phenyl, -CH2-indolyl. •(CH2)2'^ 
S-CH3. -CH2-CH(CH3)2. -(CH2)4-NH2 or -CCH2)3-CH3), or yet more preferably R4 and R5 are both - 
CH3, or especially R4 and Rs are both H. 

Preferably -Xr is -C(0)-. 

Preferably Y is =0. 

Preferably either x is 0, or when x is 1 L' is -CH2-O-, -NH-CH2-, -O-CH2- or -S-CH2. 
In particular embodiments the invention provides a compound of formula 11* or a 
physiologicaily-acceptable and -cleavable ester or a salt thereof 




wherein: 

■ * * 

R20* is optionally substituted (Ce-Ci? aryl or C4-CJ8 heteroaryl); 

Rzz is H, or optionally substitued CrCs alkyl, and 

R23' is optionally substituted (C2-C8 alkyl, or C7-CU aralkyl), or 
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Rzj* and K2y together with the carbon atom to which they are attached form an optionally 
substituted (Cs-Ca cycloaDcyl group or C4-C7 hetcrocycloalkyl group); 

R24' and Rjs' are independent^ H, or optionally substituted (Ci-Cg allcyl, C7-C14 aralkyl, or 
C5-C,4 heteroaralkyl), 'C{0)0^\ or -C(0)NR6*R7* 
wherein 

Rii* is optionally substituted (C-Cg akyl, C7-C14 aralkyl. Ca-Cg cyctaalkyl. C4-C7 
hetcrocycloalkyl, C5-C14 heteroaralkyl, Q-Cm aryK or C4-C14 hetcroaiyl), and 
R7' is H, or optionafly substituted (Ci-Cg alkyl C7-C14 aralkyl, Cs-Cg cyctoaDcyl, C4-C7 
heterocyctoalkyl, C3-C14 heteroaralkyl, Q-Cu aryl, or C4-C14 hetcroaryl), or 

R24' and together with the carbon atom to whfch they are attached form an optionally 
substituted (Cs-Cg cycloalkyl group or C4-C7 teterocycloalkyl group); 

Xi is -C(0)-, -C(S)-, -S(0)-, -S(0)2., -P(0){OR«')- 
wherein R^* is as defmed above; 

Y is oxygen or sulphur; 

L' is optionally substituted (-Het-CHi- or -CHa-Het-), 

wherein Het is a a hetero atom selected from 0, N or S, and 
X is I or 0, 

provided that when x is one, L' is -CH2-O- and Xi is -C(0)- 

R20' is not unsubstituted phenyl, 
provided that when R22* = R24 = R25' = H, x is zero and Xi is -C(0)-. 

R23' is not H, -CH3. -CH(CH3)2, "CH2-CH-{CH3)2. -CH2-COOH. or .CHa-COO^CHr 

CH3, when R20' is unsubstituted phenyl, 

R23' is not H. -CH(CH3)a, or .CH2-CH-(CH3)2, when R20 is 4-aminophenyl or 4- 
nitrophenyl, 

R23* is not H when R20' is 3-aminophenyi, 3-nitrophenyl, 2-chloropyridin-4-yl. or vinyl, 
or 

R23* is not -CH2-CH2-S-CH3 when R20' is pyrkiin-3-yl or 2-chloropyridin-4-yK 
provided that when R22* = R2j' = R24' = H, x is zero and Xj is -C(0)- and R20' is phenyl, 

R25* is not -CH(CH3)2, 
provided that when R23* = R24' = H, Rj5' is -CH2-CH2-COOH, x is zero and X| is -CfO)-, 
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Rao' docs not form a heterocyclic ting with the adjacent nitrogen atom, and 
provided that when R22* = R23' = R24' = Ras* H, x is zero and X| is -SOr, 
R20' is not 4-methylphenyL 

Compounds of formula n* are typically selective inhibitors of cathepsin KL 
In a further aspect the invention provides a conpound of formula in 

RyNI+— (j:--CONH--C-CSN 

^ Xg— (Yi)n- (Ar)p~Q~Z 

wherein 

R30 is an acyl group derived from an organic carboxylic, carbonic, carbamic or sulfonic acid; 

R32 and R33 are independently hydrogen, lower alkyl, cycloalkyl. bicycioaUcyl, or (aryl, biaryl, 

cycloalkyl or bicycloaOcylHower alkyl; or R32 and R33 together represent lower alkylene 

so as to form a ring together with the carbon to which they are attached; 

R34 is hydrogen or lower alkyl; 

X2,Yu Ar, Q, Z, n and p are as previously defined; 

and pharmaceutically accq)table salts and esters thereof 

for use as a pharmaceutica}. 

In preferred embodiments the invention further provides a compound of formula III as defined 
above, wherein R30 is an acyl group derived from an organic carboxylic. carbamic or sulfonic acid 

Con^unds of formula HI are typically selective inhibitors of cathepsin B and/or L. 

Particular embodiments relate to the compounds of fomnila III wherein R30, R32, R33, R34, Q, Z 
and n are as defined above; and wherein 

(a) p is one; 

(b) Y, is O, S, SO, SO2. N(R6)S02 or N-R*; and 



w 
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(c) X2 is lower alkykne; or when n is zero. Xa is also C2-C7-alkylene interrupted by O. S, SO, 
S02orNR6; 

wherein N6 is as defined above and pharmaceuticalty acceptable salts thereof. 

Further particular embodiments relate to the conq)ounds of fonmla in wherein 
R30> R32i ^33* R34. R35> At, Z and Q have meaning as defined above; and wherein 

(a) p is one, n is zero, and X2 is lower alkylene or Cz-Ci-alkylene interrupted by O, SO. SO2 NR« 
NR<$S02t SO2NR6, CONR« or NReCX); or 

(b) p is one, n is one. X2 is lower alkylene and Y| is O, S, SO. SO2, N(Re)S02 or NR6, SOjNR^, 
CX»NR«, NReCO; or 

(c) p is one. n is zero and X2 is lower alkylene; or 

(d) p is one. n is zero and X2 is C2-C7-alkylene intOTupted by O, S, SO, SO2 or NR«, SOjNR^, 
CX)NR6 or NR^CO; or 

(e) p is zero, n is one, X2 is lower allqrlene and Yi is O, S. SO, SO2, N(R«)S02 or NR«, SO2NR6, 
CONR6 or NR6C0; or 

ft 

(0 p is zero, n is zero and X2 is C2-C7-alkylene interrupted by O, S. SO. SO2 or NR^. SO2NR6, 
C0NR6 or NReCO; 

and pharmaceutically acceptable salts thereof: or 

Preferred compounds of formula ni are those in which Z is carboxyl or carboxyl derivaiized as 
a pharmaceutically acceptable ester. 

A particular embodunent of the invention relates to the compounds of formula ID wherein n is 
zero, m particular those of formula III' 



Rgo-NH— <pH CONH— CH— C=N ||r 

R33' . X£— {Ar)p-Q— r 

wherein 

R)o, X2, Ar. Q. and p are as defined above; and wherein 
R33' is carbocyclic or heterocyclic aryl-lower alkyl; 
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T is hydroxy, acyloxy, carboxyU carboxyl derivaiized as a phannaceutically acceptable ester 
or amide, or S-tetrazolyl; 
and pharmaceuticaDy acceptable salts th^eof. 

In a specific embodiment of the compounds of formula R30 is carboxylic acid derived acyl; 
Rjj' is carbocyclic or heterocyclic aryl-lower alkyl; X2 is CrCs-alkylene, or X2 is C2-C4-alkylene 
interrupted by O or S; p is one; Ar is carbocyclic arylene; Q is a direct bond or Ci-Q-alkylene; and Z 
is carboxyl or carboxyl derivatized as a pharmaceuticaUy acceptable ester, and phannaceutically 
acc^able salts thereof. 

In a more specific embodiment of tte compounds of formula ni', R30 is aroyl, R33* is 
carbocyclic aryl-methyl; Xa is Q-alkylene; or X2 is C2-a]kylene interrupted by O; p is one; Ar is 
phenylene; Q is a direct bond; and Z is carboxyl; and pharmaceuticaUy acceptable salts thereof. 

A iurtber particular embodiment of the invention relates to the compounds of formula III 
wherein n is one, in particular those of formula 

• RisrNH— CH CONH— CH— C=N HI" 

R33' X^'-Yf-Ai Q— Z 

wherein 

R3o> Rsa*. Yi, Ar, and Z* are as defined above; 

X3' is lower aficylene; 

Q' is a direct bond or lower alkylene; 

and pharmaceuticaUy acceptable salts thereof 

A specific embodiment of the mvention is directed to the compounds of formula UT' wherein 
R30 is carboxylic acid derived acyl; R33* is carbocyclic or heterocyclic aryHower alkyl; Xj' is d-Cj- 
aUcykne; Yi is O or S; Ar is carbocyclic arylene; Q' is a direct bond or CrC4-aUcylene; and T is 
carboxyl or carboxyl derivatized as a pharmaceuticaUy acceptable ester; and pharmaceuticaUy 
acceptable salts thereof. 
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A more specific eirix>dii»nt of the invention is directed to said conipounds of formula in" 
wherein R30 is aroyl. R33' is carbocycHc aryl-methyl; X^' is Cr-alkylene; Y| is O; Ar is phenylene; 
is a direct bond; and T is carboxyl, and idiarmaceuticalfy acceptable salts thereof. 



A yet further aspect of the invention is directed to a compound of formula IV 



I? 



140 



1*42 

NH C CO NH C C^N (IV) 



^43 ^^45 



wherein 

R40 is substituted phenyl or heterocyclic aryl, (mono- or di- carbocyclic or heterocyclic aryl)- 

lower aDcy] or lower alkenyl, or heterocyclyl; 

R42 is hydrogen or lower alkyl; 

R43 is carbocyclic or heterocyclic aryl - lower alkyl; 

R44 and R45 are independently hydrogen or tower alkyl; or 

R44 and R45 combined represent lower alkylene; 

and pharmaceutically acceptable salts and esters thereof. 

Prefmed are compounds of formula IV wherein R40 is nwrpholino, substituted phenyl or 
heterocyclic aryl; R42 is hydrogen; R43 is carbocyclic or heterocyclic aryl-tower alkyl; R44 and R45 are 
hydrogen or lower alkyl; or R44 and R45 combined represent ethylene to form a cyclopropyl ring. 

Particularly preferred are compounds of formula FV wherein R40 is pyrazolyl or pyrazolyl 
substituted by 1-3 lower alkyl; R42 is hydrogen; R43 is carbocyclic or heterocyclic aryl-C,-C4-alkyl; 
and R44 and R45 are hydrogen; or R44 and R45 combined are ethylene. 



Con?)ounds of formula IV are typically selective inhibitors of cathepsin L and/or S. 
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The compounds of foraiuhe I, II. m and IV. depending on the nature of subslttuents. possess 
one or more asymmetric carbon atoms. The resulting diastereoiners and enantiomers are 
enconfKissed by the instant invention. Preferably, however, e.g. for pharmaceutical use in 
accordance with the invention, the compounds of formulae I, II, IH and IV are provided in pure or 
substantiaUy pure epimeric form, e.g. as compositions in which the compounds aie present in a form 
comprising at least 90%, e.g. preferably at least 9S% of a single epimer (i.e. comprising less than 
10%, e.g. preferably less than S% of other epimenc forms). 

Preferred compounds of formula I are those wherein the asymmetric carbon to which are 
attached R2 and/or Rj corresponds to that of an L-amino acid precursor and the asymmetric carbon 
to which is attached the cyano group also corresponds to that of an L-amino acid and is generally 
assigned the (S)-configuration. PrefOTed compounds of fornuila I wherein Rj and R4 represent 
hydrogen can be represented by formulae V. V and V", corresponding to preferred compounds of 
formulae n, III and IV reflectively 

Thus in particularly preferred onbodimmts the invention provides a confound of formula V, 
V'orV" 

9a H 
= 0 I 

- Xf NH-|-1Lnh-I- C=N 



H 



"25 

V 



«33 H 

= T 

Rao'NH — C-CONH-C C=N V* 

" Xj-Yj-Ar-Q-Z 
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wherein the symbols are as defined above, and 
physiologically-acceptable and -cleavable esters or saks thereof. 

The con5)Ounds of fonnula I, II, E*. Ill, m\ Iir\ IV, V. V and V" as defined above are 
hereinafter referred to as Compounds of the Invention. 

The general definitions used herein have the following meaning within the scope of the 
invention, unless otherwise specified. 

The term *1owcf ' referred to above and hereinafter in connection with organic radicals or 
conqsounds respectively defines such as branched or unbranched with up to and inchiding 7, 
{seferably up to and including 4 and advantageously one or two carbon atoms. 

A lower alkyl group is hrandied or unbranched and contains 1 to 7 carbon atoms, preferably 1- 
4 carbon atoms. Lower aDcyl represents for example methyl, ethyl, propyl, butyl, isopropyl or 
isobutyl. 

Lower alkenyl represents either straight chain or branched alkenyl of 2 to 7 carbon atoms, 
preferably 2-4 carbon atoms, e.g. as vinyl, propenyl, isopropenyl, buienyl, isobutenyl or butadirayl. 

Lower alkynyl represents either straight chain or branched alkynyl of 2 to 7 carbon atoms, 
preferably 2-4 carbon atoms, e.g. as acetylcnyl, propynyL isopropynyl, buiynyl or isobutynyl. 

Lower alkyK lower alkenyl and lower alkynyl may be substituted by up lo 3 substituenis 
selected from fower alkoxy, aryl, hydroxy, halogen, cyano, or trifluoromethyL 

Lower alkylene represents either straight chain or branched alkylene of 1 to 7 carbon atoms 
and represents preferably straight chain alkylene of 1 to 4 carbon atoms, e.g. a methylene, ethylene, 
propylene or butylene chain, or said methylene, ethylene, propylene or butylene chain mono- 
substituted by CrCs-alkyl (advantageously methyl) or disubstituted on the same or different carbon 
atoms by d-Cj-alkyl (advantageously methyl), the total number of carbon atoms being up to and 
including 7. 

A lower alkoxy (or alkyloxy) group preferably contains 1-4 carbon atoms, advantageously 1-3 
carbon atoms, and represents for example ethoxy, propoxy, isopropoxy, or most advantageously 
methoxy. 
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Halogen (halo) preferably represents chloro or fluoro but may also be bromo or iodo. 

An acyl group as represented by R30 is preferably derived from an organic carbonic acid, an 
organic carboxylic acid, a carbamic acid or an organic sulfonic acid. 

Acyl which is derived from a carboxylic acid represents, for example, carbocyclic or 
heterocyclic aroyl, cycloalkylcarbonyl. (oxa or ihia)- cycloalkylcarbonyl, lower alkanoyl. (lower 
alkoxy. hydroxy or acyloxy)- lower alkanoyl, (mono- or di- carbocyclic or heterocyclic) - (lower 
alkanoyl or lower alkoxy-, hydroxy- or acyloxy- substituted lower alkanoyl), or biaroyl. 

Carbocyclic aroyl represents, for instance, benzoyl, benzoyl substituted, by one to three 
substituents selected independently from e.g. halo, trifluoromethyl, lower alkyl, lower alkoxy, 
hydroxy, methylenedioxy, nitro, di-lower alkylamino, cyano, or carbocyclic aroyl rqjresems e.2, 1- 
or 2-naphthoyl. 

Heterocyclic aroyl represents, for instance, 2-. 3- or 4-pyridyk»rbonyl (such as nicoiinoyl), 
fmoyl, thienoyl, oxazoloyl, isoxazoloyl, quinoxatoyl, each opttonally substituted by e.g. halo^ lower 
alkyl, lower alkoxy or nitro. 

(Oxa - or thia)-cyclolalkylcarbonyl is, for example, tetrahydrofuranoyl or tetrahydrothienoyl. 
Di-(carbocyclic or heterocycIic)aryl- lower alkanoyl is, for example, diphenylacetyl or 
dipyridylacetyL 

Aiyl- (lower alkoxy, hydroxy or acytoxy substituted) lower alkanoyl is, for example, phenyl.(2- 
alkoxy, hydroxy or acyloxy)-acetyL 

Biaroyl is, for example, 2, 3 or 4-biphenylcarbonyl. 

Acyl whfch is derived from an organic carbonk acid is, for example, alkoxycarbonyl, especially 
lower alkoxj'carbonyl, which is unsubstituted or substituted by carbocyclic or heterocyclic aryl or is 
cycloaDcoxycarbonyl. especially C3-C7-cycloalkyloxycarbonyl, which is unsubstituted or substituted 
by lower alkyl 

Acyl which is derived from a carbamic acid is, for example, aminocarbonyl which is optionally 
substituted on nitrogen by one or two of lower alkyl, carbocyclic or heterocychc aryMdwer alkyl. 
carbocyclic or heterocyclic aryl, or by lower alkylene or lower alkylene interrupted by O or S. 

Acyl which is derived from an organic sulfonic acid represents, for example, lower 
alkylsulfonyl, cartwcyclic or heterocyclic arylsulfonyi, carbocyclic or heterocyclic aryl-lower 
alkysulfonyl, in which aryl is e.g. phenyl, naphthyl or thienyl, such being optionally substituted by, for 
example, lower alkyl, lower alkoxy, halo, nitro, trifluoromethyl, carboxyl or lower alkoxycarbonyl. 



« 
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Aryl lepresents caibocycUc or heterocyclic aryl. 

CaiiwcycUc aryl represents monocyclic. bicycUc or tricyclic aryl, for example phenyl or phenyl 
mono-, di- or tri-substituted by one, two or three radicals selected from lower alkyl. bwer aUcoxy. 
aryl hydroxy, halogen, cyano, trifluoromethyl, lower alkylenedioxy and oxy-Cj-Q-alkylene; or 1- or 
2-naphthyl; or 1- or 2-phenanthrenyL Lower alkylenedioxy is a divalent suhstituent attached to two 
adjacent carbon atoms of phenyl, e.g. methylenedioxy or ethylenedioxy. Oxy-C2-C3-alkylene is also 
a divalent substituent attached to two adjacent carbon atoms of phenyl e.g. oxyethylene or 
oxypropylene. An example for oxy-C2-C3-alkylene-phenyl is 2,3-dihydrobenzoluran-5-yl. 

Preferred as carbocyclic aryl is naphthyl, phenyl or phenyl mono- or disubstituted by lower 
aDcoxy, phenyl, halogen, lower alkyl or trifluoromethyl. especially phenyl or phenyl mono- or 
disubstituted by lower alkoxy, halogen or trifluoromethyl, and in particular phenyl 

Examples of substituted phenyl groups as R are, e.g. 4-chlorophen-l-yl, 3,4-dk:hlorophen-l-yl, 
4-methoxyphen-l-yl, 4-methylphen-l-yl, 4.aminomethylphen-l-yl. 4-methoxyethylaminomethylphen- 
l-yl,4-hydroxyethylaminomethylphen-l-yl, 4-hydroxyethyl-(methyl)-aminomeihy^hen-l.yl, 3- 
aminomethylphen-l-yl, 4-N-acetylaminoniethylphen- 1 -yl, 4-aminophen-l-yl, 3-aminophen-l-yl 2- 
aminophen-l-yl 4-phenyl-phen-l-yl. 4-(iniidazol-l-yl).phen-l-yl, 4-(imidazoH-ylmethyI)-phcn-l-yl, 
4-(moipholin-l-yl)-phen-l-yl, 4-(morpholin-l-ybnethyl)-phen-l-yl, 4-(2-methoxyethylaminomethyl)- 
lAen-I-yl and 4-(pyrTolidin-l-ybnethyl)-phen-l-yl. 4-(2-thiophenyl)-phen-l-yl, 4-(3-thiophenyl)- 
phen-l-yl 4-(4.methylpipera2en-Uyl).phen-l.yl, and 4-(piperidinyl)-phenyl and 4-(pyridinyl)-pheny] 
optionally substituted in the heterocyclic ring. 

Heterocyclic aryl represents monocyclic or bicyclic heteroaryl, for example pyridyl, indolyl 
quinoxaiinyl, quinolinyl, isoquinolinyl, benzolhienyl, benzofuranyl, benzopyranyl. bcnzothiopyranyl, 
fijranyl, pyrrolyl. thiazolyl oxazolyl, isoxazolyl, triazolyl, tetrazolyl, pyrazolyl, imidazolyl, thienyl or 
any said radkal substituted, especially mono- or di-subsiituied, by e.g. lower alkyl, nitro or halogen. 
Pyridyl represents 2-, 3- or 4-pyridyl. advantageously 2- or 3-pyridyl. Thienyl represents 2- or 3- 
thienyl. Quinolinyl represents preferably 2-, 3- or 4-quinolinyl. Isoquinolinyl represents preferably 
1-. 3- or 4-isoquinolinyl. Benzopyranyl, bcnzothiopyranyl represent preferably 3-benzopyranyl or 3- 
bcnzothiopyranyl, respectively. Thiazolyl represents preferably 2- or 4-thiazolyl, advanugeously 4- 
thiazolyl. Triazolyl is preferably 1-, 2- or 5-( 1,2,4-triazolyl). Tetrazolyl is preferably 5-tetrazolyl. 
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Preferably, heterocyclic aryl is pyridyl, indolyi, quinolinyl, pyrrolyl. thiazolyl, isoxazolyL 
triazolyl. tetrazolyl. pyrazolyl, imidazolyl, thienyl. or any said radical substituted, especially mono- or 
di-substituted, by lower alkyl or halogen; and in particular pyridyl 

Aiylene (Ar in fonnula m) is an aryl linking group in which aryl is heterocycUc or carbocyclic 
ary], jpreferably monocyclic as defined above. 

A heterocyclic aryl linking group is for instance (but not limited thereto) 1, 3-pyrazolyl, 2,4- or 
2^pyridyl or 1 ,4-iirada2oIyl in which the groups as depicted in fonnula III are attached to the ring 
at the indicated positions. 

A carbocyclic aryl linking group is for instance (but not limited thereto) optionally substituted 
phenyl in which the two groups as depicted in fonnula I are attached ortho, meta or para to each 
other. 

Biaryl is may be carbocyclk biaryl, preferably e.g. biph&ayl namely 2, 3 or 4-biphenyI, 
advantageously 4-biphenyl, each optionally substituted by e.g. lower alkyl, lower alkoxy, halogen, 
trifluoromethyl or cyano, or hetcrocyclic-carbocyclic biaryl, preferably e.g. thienylphenyl, 
pyrrolylpbenyl and pyrazoIylphenyL 

Cycloalkyl represents a saturated cyclic hydrocarbon optionally substituted by lower alkyl 
which contains 3 to 10 ring carbons and is advantageously cyclopentyl, cyclohexyl, cyclohepiyl or 
cyclooctyl optionally substituted by lower alkyl. 

Bicycloalkyl is for example norbomanyl. 

Heterocyclyl represents a saturated cyclic hydrocarbon containing one or more, preferably 1 or 
2, hetero atoms selected from N or S. and from 3 to 10, preferably 5 to 8. ring atoms; for 
example, tetrahydrofurianyl. tetrahydrothienyL tetrahydropynoly], piperidinyl, piperazinyl or 
morpholino. 

AryHower alkyl represents preferably (carbocyclic aryl or heterocylic aryl)-lower alkyl. 

Carbocyclic aryHo>Ver alkyl represents preferably straight chain or branched aryl-CM-alkyI in 
which carbocyclic aryl has meaning as defined above, e.g. benzyl or phenyl-(ethyl, propyl or butyl), 
each unsubstituted or substituted on phenyl ring as defined under carbocyclic aryl above, 
advantageously optionally substituted benzyl, e.g. benzyl substituted or phenyl lay lovi^er alkvL 

Heterocyclic aryl-tower alkyl represents preferably straight chain or branched heterocyclic aryl- 
CM-alkyl in which heterocyclic aryl has meaning as defined above, e.g. 2-. 3- or 4-pyridylmethyl or 
(2. 3- or 4-pyridyl)-(ethyl, propyl or butyl): or 2- or 3-thienylmethyl or (2- or 3-thienyl)-(ethYl. 
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propyl or butyO; 2-, 3- or 4-quinolinylinethyl or (2-, 3- or 4-qiiinolmyl)-(ethyl, propyl or butyl); or 2- 
or 4-thiazolylnielhyI or (2- or 4-thiazolylHcthyl, propyl or butyl). 

Cycloalkyl-lower alkyl represents eg. (cyclopentyl- or cyclohexyl)-(methyl or ethyl). 

BiaryHower alkyl represents e.g. 4-biphenylyl-(methyl or ethyl). 

Acyl as in acyloxy is derived from an organic carboxylic acid, carbonic acid or carbamic acid. 
Acyl represents e.g. lower alkanoyl« carbocyclic aryHower alkanoyi, lower alkoxycarbonyl, aroyl, di- 
lower alkylaminocarbonyl or di-lowcr alkylamino-lower alkanoyi. Preferably, acyl is lower alkanoyi. 

Lower alkanoyi represents e.g. C|.7-alkanoyl including formyl, and is preferably C2.4-alkanoyl 
such as acetyl or propionyi. 

Aroyl represents e.g. benzoyl or benzoyl mono- or di-substituted by one or two radicals 
selected from lower alkyl, tower alkoxy, halogen, cyano and trifluoromeihyl; or 1- or 2-naphihoyl: 
and also e.g. pyridylcaibonyl. 

Lower alkoxycarbonyl represents preferably CM-alkoxycarbonyl, e.g. ethoxycarbonyl. 

Bsterified carboxyl is carboxyl derivatized as a pharmaceutkally acceptable ester, for example 
tower alkoxycarbonyl, benzyloxycarbonyl or allyloxycarbonyl. 

Amidated carbo^qrl is carboxyl derivatized as a pharmaceutically acceptable amide, for example 
aminocarbonyl, mono- or di-lower alkylaminocarbonyl. 

Pharmaceutically acceptabte salts of the acidic coii9X}und5 of the invention aie salts formed 
with bases, namely cationic salts such as alkali and alkaline earth metal salts, such as sodium, lithium, 
potassium, calcium, magnesium, as well as anunonium salts, such as ammonium, trimethyl- 
ammonium, diethylammonium, and tris-(hydroxymethyl)-methyl-ammonium salts. 

Similarly acid addition salts, such as of mineral acids, organic carboxylic and organic sulfonic 
ackis e.g. hydrochloric acid, methanesulfonic acid, maieic acid, are also possible provided a basic 
group, such as pyridyl, constitutes part of the stmcture. 

The compounds of the invention exhibit valuable pharmacologtoal properties in mammals and 
are particularly useful as cysteine cathepsin inhibitors. 

The cath^sin inhibitory effects of the compound of the invention can be determined in vitro by 
measuring the inhibition of e.g. recombinant human cathepsins B, K. L and S. The buffer used in the 
cathepsin B, L and S assays is a 0. 1 M pH 5.8 phosphate buffer containing EDTA ( 1 .33 mM), DTT 
(2.7 mM) and Brij (0.03%). 
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Tbe in vitro assays are carried out as follows: 

(a) For cathepsin B: 

To a microtiter well is added 100 uL of a 20 uM solution of inhibitor in assay buffer foUowed 
by 50 uL of a 6.4 mM solution of Z- Arg-Arg-AMC substrate (Peptides International) in assay 
buffer. After niixing, SO uL of a 0.544 nM solution of recombinant human cathepsin B in assay 
buffer IS added to the weD, yielding a final inhibitor concentration of 1 0 uM. Enzyme activity 
is determined by measuring fluorescence of the liberated aminomethylcoumarin at 440 nM 
using 380 nM excitation, at 20 nunutes. % Enzyme inhibition is determined by comparison of 
this activity to that of a solution containing no inhibitor. Compounds are subsequently 
subjected to a dose response curve analysis to determine ICso values. 

(b) For cathepsin K: 

The assay is performed in 96 well microliter plates at ambient ten?)erature using recombinant 
human cathepsin K. Inhibitk>n of cathq)sin K is assayed at a constant enzyme (0. 1 6 nM) and 
substrate concentration (54 mM Z-Phe-Arg-MCA - Peptide Institute Inc. Osaka, Japan > in 100 
mM sodium phosphate buffer, pH 7.0, containing 2 mM dithioihreitol, 20 mM Tween 80 and 1 
mM EDTA. Cathepsin K is preincubated with the inhibitors for 30 min. and the reaction is 
initiated by the addition of substrate. After 30 min incubation the reaction is stopped by the 
addition of B-64 (2 mM), and fhiorescence intensity is read on a multi-well plate reader at 
excitaion and emission wavelengths of 360 and 460 nm, respectively. 

(c) For cathepsin L: 

Recon^inant human cathepsin L is activated prior to use in this assay: To 5(K) uL of a 5 10 nM 
solution of cathepsin L in a SO mM pH 5.0 acetate buffer containing 1 mM EDTA, 3 mM DTT 
and. 150 mM NaCl is added 10 uL of a 625 uM solution of dexiran sulfate (ave. mw = 8000), 
and the resulting solution is incubated on ice for 30 min. 4 uL of this solution is then diluted 
into 46 uL assay buffer, yielding a 40 nM enzyme solution. 

To perform the assay, 100 uL of a 20 uM solution of inhibitor in assay buffer is added to a 
microtiter well. 50 uL of a 20 uM solution of Z-Phe-Arg-AMC (Peptides International ) is then 
added After mixing, 50 uL of the activated 40 nM solution of recombinant human cathepsin L 
in assay buffer is then added to the well, yielding a final inhibitor concentration of 10 uM. 
Enzyme activity is determined by measuring fluorescence of the liberated 
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aminoinethytouirarin at 440 nM uwig 380 nM excitation of 20 nunutes. % Enzyme inhibition 
is detennined by conqmison of this activity to that of a solution containing no inhibitor. 
Con^unds are subsequently subjected to a dose response curve analysis to determine IC50 
values, 
(d) For cathepsin S: 

To a microtiter well is added 100 uL of a 20 uM solution of inhibitor is assay buffer. 50 uL of 
a 700 uM solution of Z-Val- Val-Arg-AMC substrate (Peptides international) is then added. 
After mixing, SO uL of a S.2 nM solution of recombinant human cathepsin S in assay buffer is 
then added to the well, yielding a final inhibitor concentration of 10 uM. Enzyme activity is 
detennmed by measuring fluorescence of the liberated aminomethykoumarin at 440 nM using 
380 nM excitation at 200 minutes. % Enzyme inhibition is determined by comparison of this 
activity to that of a sohition containing no inhibitor. Compounds are subsequently subjected to 
a dose response curve analysis to determine IC50 values. 

In view of their activity as inhibitors of cysteine cathepsin enzymes, Compounds of the 
Invention are particularly useful in niammals as agents for treatment and prophylaxis of diseases and 
medical conditions involving elevated levels of cathepsins. Such diseases include diseases involving 
infection by organisms such as Pneumocystis carinii, trypsanoma cruzi, trypsanoma brucei, crithidia 
fiisiculatat as welt as parasitic diseases such as schistosomiasis and malaria, tumours (tumour 
invasion and tumour metastasis), and other diseases such as metachromatic leukodystrophy, 
muscular dystrophy, amytrophy and similar diseases. 

Cathepsins, in particular K, have been implicated in diseases of excessive bone loss, and thus 
the Conq)ounds of the Invention may be used for treatment and prophylaxis of such diseases, 
including osteoporosis, gingwal diseases such as gingivitis and periodontitis, Paget's disease, 
hypercalcemia of malignancy, e.g. tumour-induced hypercalcemia and metabolic bone disease. Also 
the Compounds of die Invention may be use for treatment or prophylaxis of diseases of excessive 
cartilage or matrix degradation, inchidmg osteoarthritis and rheumatoid arthritis as well as certain 
neoplastic diseases involving expression of high levels of proteolytic enzymes and matrix 
degradation. 
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Ccmi)ouiuk of the Ixivemion, are also 
aiberoteterosis (inchxdiag atbcxosckiotic plaque Tuptwe and destabOization), autoimmune diseases 
reapiracory diseases and immunologically mediated diseases (incloding tranq)lant rejection). 

Compounds of the Invention, in particular cathepsin Kselective inhibitor confounds, are 
particularly indscated for preventing or treating osteoporosis of various genesis (e.g. juvenite, 
menopausal, post-menopausal, post-traumatic, caused by old age or by cortico-steroid therapy or 
inactivxty). 

Beneficial ettisccs are evaluated in in vitro and in vivo pharmacological tests generally known 
the art, and as illustrated herein. 

The above cited properties are demonstrable in in vitro and in viyp tests, using advantageous] 
mammals, e.g. rats, mice, dogs, or isolated organs and tissues, as well as Tnamnwitfin enzyme 
preparations, either natund or prepared by e.g. recombinant technology. Compounds of the 
Invention can be applied in vitro in the form of sotations, e.g. preferably aqueous solutions or 
suspensions, and m vivo either enteraDy or parcntcrally* advantageously orally, e.g. as a suspension 
or ro aqueous solution, or as a solid capsule fbnnulation. The dosage in vitro may range between 
about 10'^ molar and 10"^ molar concentrations. The dosage in vivo may range, depending on the 
route of administration, between about 0.1 and 100 rog/kg. 

The antiaitfaritic efiBcaqr of the compounds of the inventwn for the treatnoent of rheumatoid 
anfaritis can be detexmined using modeb such as or similar to the rat model of adjuvant arthritis, as 
described prevbusly (R£. Esscr, et aL J. Rheumatology, 1993, 20, 1 176.) 

The eflScaqr of the coa|Kynnds of the invention for the treatment of osteoarthritis can be 
determined using models such as or siinilar to die rab^ 

descxibed previously (Colombo ei aL Artii. Rheum. 1993 26, 875-886). The efficacy of the 
compounds in the model can be quantified using histotogical scoring tneUiods, as described 
previous^ (O'Byxne et aL Inflamm Res 1995, 44, S117-S1 18). 

The cfiBcacy of d» compounds of the invention for the tieaznent of osteoporosis can be 
determined using an animal model such as the ovarectomised rat or other similar species in which 
test compounds are administered to the animal and the presence of markers of bone resorption are 
measured in urine or serum (e.g. as desetfiMd in Qsteoporos Int (1997) 7:539-543). 

The compounds of the invention are prepared by: 
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(a) cx>nvertsng an anude of the formula VI 




r I* 

NH-C-CONH-C-CONHj 

VI 



wherein R. Ri, Rj, R4 and R$ have meaning as previously defined for the coiqwunds of 
formula I to a nitrile of formula I; or 



(b) condensing a con;>ound of the formula VII 



1' 

NH2''C-C=N 

i VII 



wherein R4 and R5 have meaning as defined hereinabove, with an acid of formula Vm 



R^L^— XrNH — C-COOH 

VDI 



wherein R. R2 and Rj have meaning as defined above; or with a reactive derivative thereof; or 



(c) condensing a compound of the foimula la 



R3 R4 

I I 

HjN-C-CONH-C-CSN (la) 



R 



5 
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wherein Rj. Ra, R4 and R5 have meaning as defined hereinabove with an acid corresponding to the 
group R-[L]x-Xr or with a reactive derivative thereof; and in the above processes, if required, 
temporarily protecting any interfering reactive groups and then isolating the resulting compound of 
the invention; and, if desired, converting any resulting compound into another compound of the 
invention; and/or if desired, converting a resulting compound into a salt or a resulting salt into the 
free acid or base or into another salt. 

Appropriate protecting groups are used for starting compounds and intermediates, for instance 
as hereinafter described in the Examples. 

The conversion of primary amides of formula V to the nitriles of formula I, according to 
process (a), can be carried out according to methods well Icnown in the art for the dehydration of a 
primary amide to a nitrile, e.g. with thionyl chloride in the presence of a base. A preferred procedure 
involves the treatment with oxalyl chloride and pyridine in DMF at or below room ten^rature as 
illustrated in the exanq)]es. 

The starting materials of formula VI can be prepared by condwising an amino acid amide of 
formula DC 



R4 



NH.-OCONH2 
I 



wherein R4, and R5 have meaning as defined above with an acid of the formula Vni, in protected 
form as appropriate. 

The condensation can be carried out according to methods well-known in the art, e.g. by 
reacting a mixed anhydride or an acyl halide of the acid of formula VIII e.g. the acid chloride, with 
an amino acid amide of formula IX, in an inert solvent such as methylene chloride, in the presence of 
a base, such as an amine like triethylamine or pyridine. 

The acylation of an acid of formula Vni with an amino acid amide of formula IX can also be 
carried out in the presence of a condensing agent such as N-(3-dimeihylaminopropyl)-N'-cthyl- 
carbodiimide, optionally in the presence of e.g. hydroxybenzotriazole or l-hydroxy-T-azabenzo- 
triazole, and a base such as N-methylmorpholine. 
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Tte aimno add amides of formula IX are either known or can be prepared according to 
n»thodok)gy known in the arc and illustrated herein. 

Alternative procedures and conditions may be used; for instance as described in the 
Exanoples. 

Conq)ounds of the invention are either obtained in the free form, or as a salt thereof if salt 
forming groups are present. 

Acidic Compounds of the Invention may be converted into metal salts with pharmaceuiically 
acceptable bases* e.g. an aqueous alkali metal hydroxide, advantageously m the presence of an 
ethereal or akoholic soh^ent» such as a bw^ alkanol. Resulting salts may be converted into the free 
compounds by treatment with acids. These or other salts can also be used for purification of the 
compounds obtained. Ammonhim salts are obtained by reaction with the appropriate amine, e.g. 
dietbylamine» and the like. 

Coniqxjunds of the Invention having basic groups can be converted into acid addition salts, 
especially pharmaceutically acceptable salts. These are formed, for example, with inorganic adds, 
such as mineral adds, for exanq>le sulfuric acid, a phosphoric or hydrohalic acid, or with organic 
carboxylic acids, such as (CrC4)alkanecarboxylic acids which, for example, are unsubstituted or 
substituted by habgen, for exanq)le acetic add, such as saturated or unsaturated dicarboxylic acids, 
for exanq)le oxalic, succinic, maieic or fomaric acid, such as hydroxycarboxyUc acids, for example 
glycolic, lactk:, malic, tartaric or citric acid, such as amino acids, for example aspartic or glutamic 
add, or with organic sulfonic adds, such as (CrQValkykulfonic acids (for exan?>le methanesulfonic 
add) or arylsulfonic adds which are unsubstituted or substituted (for example by halogen). 

Preferred are salts fornwd with hydrochloric acid, methanesulfonic acid and maieic acid. 

In view of the close relationship between the free compounds and the conmounds in the form 
of their salts, whenever a compound is referred to in this context, a corresponding salt is also 
intended, provided such is possible or appropriate under the circumstances. 

The conq>ounds, inchiding their salts, can also be obtained in the form of their hydrates, or 
include other solvents used for their crystallization. 

Tht pharmaceutical conqiositions according to the invention are those suitable for enteral, 
such as oral or rectal, transdermal, topical, and parenteral administration to mammals, including man, 
to inhibit cathepsin activity, and for the treatment of cathepsin dependent disorders, in particular 
inflammation, osteoporosis, rheumatoid arthritis and osteoarthritis, and comprise an effective amount 
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of a pharmacologically active compound of the invention, abne or in combination, with one or more 
pharmaceutically acceptable carriers. 

More particularly, the pharmaceutical compositions con9>rise an effective cathepsin inhibitmg 
amount of a Conq)Ound of the Invention* 

The pharmacologicaOy active Compounds of the Invention are useful in the manufacture of 
pharmaceutical compositions comprising an effective amount thereof in conjunction or admixture 
with exdpients or carriers suitable for either enteral or parenteral application. Preferred are tablets 
and gelatin capsules con^irising the active ingredient together with a) diluents, e.g. lactose, dextrose, 
sucrose, mannitol, sorbitol, ceUulose and/or glycine; b) lubricants, e.g. silica, talcum, stearic acid, its 
magnesium or calcium salt and/or polyethyleneglycol; for tablets also c) binders e.g. magnesium 
aluminum silicate, starch paste, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose 
and or polyvinylpyrrolidone; if desired d) disintegrants, e.g. starches, agar, alginic acid or its sodium 
salt, or effervescent mixtures; and/or e) absorbents, colorants, flavors and sweeteners. Injectable 
con9>ositions are preferably aqueous isotonic sohitk)n5 or suspensions, and suppositories are 
advantageously prepared from fiatty emulsions or suspensions. Said compositions may be sterilized 
and/or contain adjuvants, such as preserving, stabilizing, wetting or emulsifying agents, solution 
promoters, salts for regulating the osmotic pressure and/or buffers. In addition, they may also 
contain other therapeutically valuable substances. Said coixqx}sitions are prepared according to 
conventional nuxing, granulating or coating methods, respectively, and contain about 0. 1 to 75%, 
preferably about 1 to 50%, of the active ingredient. 

Tablets may be either fihn coated or enteric coated according to methods known in the art. 

Suitable formulations for transdermal appbcation include an effective amount of a compound 
of the invention with carrier. Advantageous carriers include absorbable pharmacologically 
acceptable solvents to assist passage through die skin of the host. For example, transdermal devices 
are in the form of a bandage comprising a backing member, a reservoir containing the compound 
optionally with carriers, optionally a rate controlling barrier to deliver the compound of the skin of 
the host at a controlled and predetermined rate over a prolonged period of time, and means to secure 
the device to the skin. Matrix transdermal formulations may also be used. 

Suitable formulations for topical applicatfen, e.g. to the skin and eyes, are preferably aqueous 
sohitwns, ointments, creams or gels well-known in the art. Such may contain solubilizers, stabilizers, 
tonicity enhancing agents, buffers and preservatives. 
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The pharmaceutical fonimlat!on& contain an effective cathepsin inhibiting amount of a 
Con^und of the Invention as defined above, eitter alone or in combination with another 
therapeutic agent. 

In conjunction with another active ingredient, a Compound of the Invention may be 
administered either simultaneously, before or after the other active ingredient, either separately by 
the same or different route of administration or together in the same phannaceutical formulation. 
The dosage of active compound administered is dependent on the species of warm-blooded animal 
(mammal), the body weight, age and individual condition, and on the form of administration. A unit 
dosage for oral administration to a mammal of about SO to 70 kg may contain between about 5 and 
SCO mg of the active ingredient. 

The present invention also relates to methods of using Compounds of the Invention and their 
pharmaceutically accqjtable salts, or pharmaceutical compositions thereof, in mammals for inhibiting 
cathqwins, such as cathepsin B, K, L and/or S, and for the treatment of cathepsin dependent 
conditions, such as cathepsin B, K, L and/or S dependent conditions, described herein, e.g. 
faiflammation, osteoporosis, rheumatoid arthritis and osteoarthritis. 

Particularly the present invention relates to a method of selectively inhibiting cathepsin 
activity in a mammal which coniptises administering to a mamnuU in need thereof an effective 
cathepsin inhibiting amount of a Compound of the Invention. 

More specifically such relates to a method of treating theumatoid arthritis, osteoarthritis, and 
inflammation (and other diseases as identified above) in mammals comprises administering to a 
mammal in need thereof a correspondingly effective amount of a Compound of the Invention. 

The following examples are intended to illustrate the invention and are not to be construed as 
being limitations thereon. Temperatures are given in degrees Centrigrade. If not mentioned 
otherwise^ all evaporations are performed under reduced pressure, preferably between about IS and 
100 mm Hg (= 20-133 mbar). The structure of final products, intermediates and startmg materials is 
confirmed by standard analytical methods, e.g. microanalysis and spectroscopic characteristics (e.g. 
MS, IR, NMR). Abbreviations used are those conventional in the art. 
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Exaiiq>tel: Preparation of IndoM-yWaOV-Leu-GlvrCJ^ J^ of formula y 




M ^ CH. 
C ^CH }} C=N 

CH 
CH, 



A. ^i^ftc-lAU-GlvrCN> 

[KrYannmethvl-carbamovlV 



Fmoc-Leucine (O^TimnoI) and ammoacaonitrile hydrochloride (32.4n]moI) are dissoKed in 
dimctbylfonnamtde (SOOml) and cooled with ice-salt. HOBt (32.4njtnoI) and WSCD (32.4inraoI) are 
added, and the reaction naxture is stirred at 4 • TS'C over night. After ev^oration of the solvent, the 
residue is extracted with ethyl acetate. The extract is washed with saturated sodium bicaibonate, IN 
hydrochtoric acid and brine, dried over magnesium sulfate and the solvent is evirated. 
Chromatography on silica gel using n-hexane/ethyl acetate^l/l (v/v) gives the product in 90% yield. 
aq>.173-I7S°C Rf=0.68 (chlorofonnrmethanol: acetic acid=^0: 10: 1). 
B. H.Leu-GlvfCN) 

2-Amino-4-meth^^-pentanoic acid cvanofngrhvl-amirf^ 

Rnoc-Leu-Gly(GN) (ISmmol) is dlissolved in 20% pqjeridine in diroethylformamide (36ml). 
The reaction mixture is stirred at room toq^erature for 60min. After evaporation of the solvent and 
chromatography on silica gel using n-hcxane, n-hexane/ethyl acetate^l/i and 10% methanol in 
chlorofoniv the product is obtained in 93% yield, 
oil. Rf=0.73 (n-propanol:watcnethyl acetaie:ammonia?=5: 1:2:1). 

lndol-5-ylcarboxylic acid (LOeq.) and H-Lcu-Gly(CN) (1.2eq.) are dissolved in 
dimethylformamide and cooled with fce-salt. HOBt (1.2eq.) and WSCD (1.2eq.) are added and the 
reaction mixture is stirred at 4 - IS^'C over night. After ethyl acetate is added to the reaction mixture, 
the organic layer is washed with saturated sodium bicarbonate, IN hydrochloric acid and brine, dried 
over magnesium sulfate and evaporated. Chromatography on silica gel gives the title product in 70% 
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mp. 201-204''C; RiM).39 (n-hexane:AcOEtsl:2) 

Example 2 5>Amino-qainolme-2-carboxvKc acid f Mcvmomfithyl^carbamQvn 

5-Nitro-quinoIine-2-cartx>xylic acid [1 -(cyanomethyl-caibamoyl)-3-niethyl-butyll -amide 
(0.35mmol) is dissolved in tetrahydrofiinm {iOnil) and methanol (lOmI) at room temperature. Na2S204 
aq * (7mmoI) is added to the solution, and the reaction mixture is heated at reflux for 90mtn. The 
crude product is isolated by fihration and purified by chromatography on silica gel using 2% 
methanol in chloroform. The product is obtained in 33% yield. mp.l90- 1 94''C, Rf=0.60 
{n*hexane:ethyl acetate=l:5). ♦A.S.Kende et al., Tetrahedron Lett., 25, 923-926, (1984). 

Examples p -Acetamidomethvlbenz ovl-Leu-Glyf Cffl 

p-An)inom^hyibenzoyl-Ixu.Gly(C3*) (see Example 14 beIow)(0.33amK)l) and acetic acid (S.Smmol) 
are dissolved in dhnethylformamide (IQml) and cooled in an ice bath. HOBt (0.4mmol) and WSCD 
(0.4mmol) are added and the reaction mature is stirred at 4 - 25''C over night. After evaporation of 
the solvent, the residue is extracted with ethyl acetate. The extract is washed with saturated sodium 
Incarbonaie, IN hydrochloric acid and brine, dried over magnesium sulfate and evaporated. 
Di^ylether is added to the residue to give a precipitate, which is collected by filtration and 
precipitated again from ethyl acetate with diethylether to give the product in 32% yield. 
mp.l76-184.5**C, RhO.lA (chloroformrmethanol =9:1). 

By repeating the procedures described m the above Exan5)les using appropriate starting 
materials and conditions the following compounds of formula XI are obtained as identified below in 
Table 1. 
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/ " XI 



CH 
I 

ca 



Example No. 



Rx 



mp. CC) 



Rf (solvent) 




52-70 



0.24 (n-hexane: AcOEtsi : ] ) 




150-160 



0.30 (n-hexane:AcOEt=l:2) 




170-194 



0.77 (n-hexane:AcOEt=l:2) 



8 




169-184.5 



0.43 {n-hexaiie:AcOEt=l:l) 




210-235.5 



0.39 (n-hcxane:AcOEt= 1:1) 




174.5- 
176.5 



0.48 (n-hexane:AcOEts:I:2) 



10 




163-167 



0.42 (n-hexane:AcOEt= 1:1) 
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Rx 


nip.('*Q 


Rf (solvent) 


11 




0 

if 11 1 


234-242 


0.43 (n-hexane:AcOEt=I:l) 


12 




ax 


1 

1S8.S 


U.31 (n-nexane:AcOEt=l:l) 


13 




191.5- 
199 


0.45 (n-hexane: AcOEt= 1:1) 


14 




• 

57-64 


0.80 (n-hexaiie:AcOEt=l:2) 


IS 


H2NQH2 

Q- 




031 

(chloroform!MeOHs7:3) 


16 






u.oi (n-nexane:AcO£t=l:2) 


17 




223-224 


0.23 (n-hexane:AcOEt=l:2) 


18 




143-144 


0.70 (n-bexane:AcOEt=l:2) 


19 


1 






0.33 (n-hexane:AcOEtsl : 1 ) 
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Rx 


nip. CQ 


Rf (solvent) 


20 






0.47 (n-hexanerAcO£t= 1:1) 


21 




122-126 


0.18 (CH2Cl2AleOH=9:l) 


22 




oil 


0.17 

{CH2a2/MeOH/NH3=9: 1 ) 


23 




248-250 


0.35 (CH2Cl2/MeOH=9:l) 


24 


CH. 


136-138 


0.21 (CH2Cl2/MeOH=95:5) 


25 




225-227 


0.10 (CH2a2/MeOH=9:l) 

m 


26 




97-99 


0.41 fCH2Cl2/MeOH=9:l) 


27 




164-168 


0.27 (CH2Cl2/MeOH=9:l) 


28 




114-116 


0.16 

(CH2Cl2/MeOH=95:5) 


29 


CK 


<70 


0.16 (CH2Cl2/MeOH=9:l) 



Mi 



( CA 02306313 2000-04-13 



WO»y244fiO PCr/EIW06937 



Examine No. 


Rx 




Rf (solvent) 


30 


CH, CH, 

« 


89-91 


0.19 (CH2Cl2/MeOH=9:l) 



ExampleSi Indote-2-cart)OXYlic acid f l-rrcvimQ-diiTiethvl -inethvn>carh;^n ioyn 

-cvclohexvlKamide 

A. Fmoc>l>ammocvclohexane carfaoxvlic acid 

The title compound is prepared firom 1-cyclohexane carboxylic acid {7imnol), Fmoc-a (7.7imnol) 
and NaOH (Wininol) in the usual manner in 18 % yield. RfssO.17 (n-hexane:ethyl acetate=l:2). 

B. BQc>2-Aminoisobutvric acid ai^j^i^. 

28% aqueous amnK>nia (66mmol) is added to the mixed anhydride (prepared from 22mmol of 
Boc*2-aminobutyric acid and 22mnx)l of iso-butylcholorofonnate by customary procedures) at 
.2(rC The reaction mixture is stirred at 4 - 25^C overnight Aftw eviration of the solvent, the 
residue is extracted with ethyl acetate. The extract is washed with saturated sodium bicarbonate, IN 
hydrochloric acid and brine, dried over magnesium sulfate and evaporated. The crude product is 
purified by chromatography on silica gel using n-hexane/ethyl acetate=l/l and n-hexane/cthyl 
acetate=l/2, to give the product in 31 % yield. 
inp.168- 177.5X,Rf=0.4l (chlorofonn:methanofc=9: 1). 

C. 2-Aminobutvric add amide hvdrochloride 

Boc-2-Aminoisobutyric acid amide is dissolved in 4N hydrochloride in dioxane. The reaction mixture 
is stirred at room temperature for 6Qniin. Diethylether is added to the sohition to give a white 
precqritate, which is collected in 91 % yield by filtration. The crude product is used for the next 
coupling without further purification. 

Rf=0.28 (n-PrOH:H20:ethyi acetate:NH3=5: 1 :2: 1). 

Fmoc-UAmino-cvclohexanecflrboxyli ^ acid ri>carbamovl>Nmftthvl-ethyn 
-aqride 

Fmoc-l-aminocyclohexane carboxylic acid (2.2mmol) and 2-aminobutyric acid amide hydrochloride 
(2.2mnJ0l) are dissolved in dimcthylformamide (30ml) and cooled with ice-salt. HOBt (2.6mmoI) and 
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WSCD (2.6niinol) are added and the reaction mixture is stirred at 4 - IS^'C over night. After 
evaporation of the solvent, the residue is extracted with ethyl acetate. The extract is washed whh 
saturated sodium bicaibonate« IN hydrochloric acid and brine, dried over magnejuum sulfate and 
evaporated The crude product is purified by chronatography on silica gel using n-hexane/ethyl 
acetates 1/4 and n-hexane/ethyl acetatesl/6, to give the i^oduct in quantitative yield, 
mp. 177.5-1 78.5°C, R5=0.24 (n-hexane:ethyi acetaie=l:5) 

E. Fmoc-l-Amina-cvdohexanecarboxvHc acid (cyann-^ piiethvUmetliiYj) 

■amide 

Thionyl chloride (2.6mmol) is added to the solution of Fmoc-l-amino-cyclohexanecarboxylic acid 
(l-carbamoyl-l-methyl-ethyl)-amide (0.86nimol) m diraethylformamide (10ml) at 4°C. The reaction 
mixture is stirred at 4''C for 2h., ethyl acetate and saturated sodium bicarbonate solution are added 
and the organic layer is washed with brine, dried over magneshim sulfate and evaporated. The crude 
I»roduct is purified by chromatography on silica gel using n-hexane/ethy! acetat6=3/l , to give the 
product in quantitative yield. 
RfbO.57 (n-hexane:ethyl acetate=l: 1 ). 

R I'Amino-cyclohexanecarboxvlic acid fcvano-dimethYl-methvlVamid^ 

Rnoc-l-Amino-cyclohexanecarboxylic acid (cyano-dimethyl-metbyl)-amide (2.1 mmol) is dissolved 
in 20% piperidin in dhnethylformamide (6.3ml). The reaction mixture is stirred at room temperature 
for 60niin. After evq>oration of the solvent, the crude product is purified by chormatography on 
silica gel using n-hexane, n-hexane/ethyl acetate=l/l and 10% methanol in chloroform, to gi\ e the 
product in 31 % yield, oil, 

Rf=0.84 (n-propanoI:watenethyl acetate:ammonia=:S: 1 :2: 1 ) 

G. Indo!e>2-carboxvUc acid I l-rfcvano^dimethvl^methyn ^carbamoyl] 

-cyclnh&xyn>amide 

2-indole carboxylic acid (O.Shiunol) and i-amino-cyclohexanecarboxyiic acid 
(cyano-dimethyl-methyl)-amide (0.61nunol) are dissolved in dimeihylformamide (15ml) and cooled in 
an ice bath. HOBt (0.61 mmol) and WSCD.HQ (0.61 mmol) are added and the reaction mixture is 
stirred at 4 - 2S^C over night. After evaporation of the solvent* the residue is extracted with ethvl 
acetate. The extract is washed with saturated sodium bicarbonate, IN hydrochloric acid and brine, 
dried over magnesium sulfate and evaporated. The crude product is purified by chromatography on 
silica using n-hexane/ethyl acetate»4/l and n-hexane/ethyl acetate=2/l, to give the product in 71% 
yield. 
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ixip.200-202''C, Ri=O.SS (D-hexane:ethyl acetate= 1:1} 



Exainpie32 Synthesis of NanhtlMlene-?,-rarboxvlic ste^lef ri-fcvanoingHivl-cflrharn^y^) 

-l-methyl-butyll-amide 

A. 2-tert-Butvloxvcari»nvlanim(>-3.methvl -pentanoift ayid cvanomftthy^ 

N-Tertbutytoxycarbonyl-isolcucine semihydrate (3g. 12.5inmol). HOBt (3,71 g. 27.5 mmoL 2.2 eq.) 
and aminoacetonitrile hydrochloride (L27g, 13.7mmol, Lleq.) are dissolved in diinethylfonnaniidc 
(36nil) and WSCD (2.5nd, 13.7nnmDl, Lleq.) is added. After stiring for 1 hour at rt, 4% sodium 
bicarbonate solution is added and the mixture is extracted with ethyl acetate. The organic layer is 
wadied with sodium bicarbonate and dihite hydrochloric acid, dried over magnesium sulfate and 
evaporated, to give the product in quantitative yield. 
rap. 125- 133.5*^C, Rf= 0.44 (hexanesrethyl acetate = 1: I) 

B. 2^Amino-3>methvl-»pentanoic acid cy^ nomethvUamide hvdrochlQri ^<> 
2-tert-Butyloxycarbonylamino-3-n:»thyl-pentanoic acid cyanomethyl-amide (2g, 7.4 mmol) is 
dissolved in 4N hydrochloride in dioxane (10ml). After 15min. at rt the solvent is evaporated lo give 
the product in quantitative yield. The crude product is used for the next step without further 
purification. 

Rf (free amine) =: 0.33 (ethyl acetatermethanol = 10: 1) 

C. Naphthalene>2-carboxvlic acid f l-^cya nomethvl^carbamovlVl-m^t hy l 

-t^ytyll-amidg 

2*Naphthoy}chIoride (255mg, I.34mniol, 1.1 eq.) is added to the solution of 
2-amino-3-meihyl-pcntanoic acid cyanomethyl-amide hydrochloride (250mg, L22mmmo) and 
trttthylamine (0.42ml, 3.04mmol, 2.5 eq.) in 5 ml dichloromethane. After 1 hour at rt 1 N 
hydrochbric acid is added and the reaction mixture is extracted with ethyl acetate. The organic layer 
is washed with saturated sodium bicarbonate solution, dried over magnesium sulfate and evaporated. 
Chromatography on silica gel (hexane/ethyl acetate 1 0/1 to 5/1 , followed by ethyl acetate) gives the 
product in 97% yield (381ing). 

mp. 203.5-207^C, Rf= 0.44 {hexanes:ethyl acetate =1:1). 



Exan?)le 33 Synthesis of Naphthalene-2-carboxvHc a cid \\-(\ -gy a qo>3>methyl 

butvlcarbamovn-2-methvl-butyn.am^^p 



:;i 
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A. N>fNaphthalene>2-carbonyr 
I^isoleucine ni&thylesier hydrochloride (2.0g. 1 1 .Ommol) and triethylamine (3.bnl, 22.0inmol, 2eq.) 
are dissolved in dicbtoromethane (4QmI). The solution is coofed in an icebath and 
2-naphthoylchloride (2Jg, II. Ommol leq.) is added. The reaction mixture is allowed to warm up to 
rt and after 1 hour IN hydrochloric acid is added The mixture is extracted with ethyl acetate, the 
organic layer is washed whh saturated sodium bicatbonate sohition, dried over magnesium sulfate 
and evaporated to give the product in 98% yield. 

Rf= 0.50 (hexanesrethyl acetate 2: 1 ) 

B. N-fNaphthalene-2-carbQnvn-isoleucine 

N-(Naphthalene-2-caibonyI)-iso]eucine methylestcr (3.14g. lO.Smmol) is stirred in a mixture of 
methanol (3Sml) and 1 N aqueous sodium hydroxide (16.8ml, 1 .6 eq.). After 3 hours at rt the 
mixture is heated for 1 hour at 40rC, 1 N hydrodiloric acid and brine is added and the mixture is 
extracted with ethyl acetate. The organic layer is dried over magneshim sulfate and evaporated to 
give the product in quantitative ybld (partly epimerized). 
Rf^ 032 (hexane:ethyi acetate = 1 :2) 

C. (S>-l-Cvano-3-methvl-butvlamine hydrochloride 

(S)-N-tert-Butyloxycarbonyl-l-cyano-3-methyl-butyiamine (CAS 1 15654-59-6) (3.7g, 17.4mraol) is 
dissolved in 4N hydrogenchloride in dioxane (20ml). After 15 minutes at rt the solvent is evaporated, 
the residue is taken up in diethylether, the solid is filtered and dried m vacuum to give the product in 
81% yield. 

Rf (free amine) » 0.34 (hexane:ethyl acetate s 1 : 1 ) 

D. Naphthalene-2H:arfaoxvIic acid ri-n-cy ano-3>methv]>butvlcarbaTnoY| ) 

'g-rngthyl-bmyHV^imfe 

N-(Naphthal«ie-2-carbonyl)-isoleucine (250mg, 0.87mmol), (S)- 1 -cyano-3-methyl-butylaraine 
(143mg, 0.96mmol. Lleq.) and HOBt (260mg, 1.93mmol, 2.2eq.) are dissoved in dimethylformamide 
(5ml) and WSCD (0. 17ml. 0.96mmol, 1. icq.) is added. After stirring for 1 hour at rt. 4% sodium 
bicarbonate solution is added and the mixture is extracted with ethyl acetate. The organic layer is 
washed with sodium bwarbonate and dilute hydrochloric acid, dried over magnesium sulfate and 
evaporated. Chromatography on silica gel (hexane/ethyl acetate 2/1) gives the product in 689f yield 
(mixture of epimers). 
Rf= 0.43 (hexanes:ethyl acetate = 2:1) 
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ExaiDple34 SvnthesB of NaBhlhalene.2-cari»xvlic acid fl -fl -cy ^^ nn-^f TfftM 

-butvlcarbainovn-3-methvl-butvn.amide 

A. N-(WfT^^'^|ene-2-carbonvlVteucine 

The title compound is prepared analogously is prepared similar to N-(Naphtbalene-2 
-carbonyl)-isoieucine (see above) in 98% yield, staitii^ from leucine methylester. 
Rf^ 0.34 (hexanes:^yl acetate s 1: 1} 

B. Naphthaleiie-2-caiboxvlic acid n -n -cviin9.3-methy>-^,t YJcarfaam^Y'V^ 

-methvi-butvll-amide 

N-(Naphthalene-2-carbonyi)-leucjne (250mg. 0.88ininol), (S)-l-cyano-3-methyI-butylamine (I43mg. 
0.96inmol. l.I eq.) andHOBt (260mg, 1.93njmol, 2.2eq.) are dissovled in diineth)dfonnamide (5ml) 
and WSCD (0.18ml, 0.97mmol, Lleq.) is added. After stiring for 1 

* 

hour at rt, 4% sodium bicarbonate solution is added and the mixture is extracted with ethyl acetate. 
The organic layer is washed with sodium bicarbonate and dilute hydrochtoric acid, dried over 
magneshmi sulfite and evaporated. Chromatography on silica gel (hexane/ethyl acetate 2/1) gives the 
product in 79% yield (mixture of epin^). 
0.44 (hexanerethyl acetate = 2: 1 ) 



Exaniple35 Naphthalene-2-carboxvlic acid ( l-ri-cvano-2-f1H-indQ^3>yl^ 

>ethylcarbamQyll>3-methvl-butvl Vami^e 
The title cori^mund is prepared analogously to the compound of Example 22. 
N-(Naphthalene-2-carbonyl)-teucine and l-cyano-2-(lH-indol-3-yl)-ethylamine(CAS 169545-97-5) 
are reacted by the same procedure as for NaphthaIene*2-carboxyIic acid 

[Kl-<:yano-3-methyl-butylcarbamoy0-3-rnethyl-bm to give the product in 36% yield after 

chromatography on silica gel (hexane/ethyl acetate l/I ) (mixture of q>imers). 
Ris 0.59 (hexanerethyl acetate s 1: 1) 



Example 36 NaDhthalene-2-carboxvlic acidf 1 1 -cvano- 1 -methvl-ftthylcarbamQvh. Vm^r |i yf 

butyll-amide 

A. N-tert-BmvtoxvcarbonvI- 1 -cvano- 1 -meth vl-ethy iamin^ 
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Boc-2-aniinoisobutyric acid ainide<4.58g, 22.6 ininol) and triethylaiiime(7 ml. SOmmoI, 2.2eq.) are 
dissolved ta THF{I00ini) and trifluoroacetic acid anhydride(3.5 ml, 25njiiiol, 1.1 eq.) is added at 0. 
The reaction mixiure is stirred at 0" for 1 hour.The mixture is concentrated and water is added. The 
organic layer is extracted with ethyl acetate, washed with Iwine, dried over sodium suUate and 
evi^rated. The crude product is purified by chromatography on silica gel using n-hexane/ethyl 
acMates20/l, 10/1. 5/1 and 1/1 to give the product in 74 % yield. 
Rfa0.4S(n-bexane/ethyl acetate=3/l) 

B. l-Cvano-l-methvl-ethvlamine hvdrQchlnrii|y. 

y 

HO. HjN'^CN 

N-tert-Butyk)xycarbonyl-l-qrano-l-methyI-ethylaniine(3.09 g, 16.8 mmol) is dissolved in 
dioxane(]S ml) and 4N hydrodiloric acid-dioxane(25 ml) is added at 0°. The reaction mixture is 
stirred at 0"* for 1 .5 hours, ihea at rt for 1 hour. The mixture is concentrated and diethyl ether is 
added The resulting white precipitate is washed with diethyl ether and dikd to give the product in 
83 % yield. The mide product is used for the next coupling without furthN* purification . 
Rf=0.66(n-PrOH/H2Q/ethyl acetate/NH3=5/l/2/l) 

C. NaDhthalene-2-caTboxvlic addf 1 -( 1 -cvano. l -methvl-eth v lr arbamovn-.^.mP.^ hy}. 

bntvll-amide 




N-(Naphthalene-2-caibonyl)-leucine (279 mg, 0.98 mmol), 1-cyano-l-methyl-ethylainine 
hydrochloride (137 mg, 1.14 mmol, 1.2 eq.) and HOBt (297 mg, 2.20 mmol, 2,2 eq.) are dissolved in 
dimethylformamide(5 ml) and WSCD (0.2 ml, 1.09 mmol, 1.1 eq.) is added at -10° . After stirring 
for 1 .5 hours at -10° , S % sodium bicarbonate solution is added and the mixture is extracted with 
ethyl acetate. The organic layer is washed with brine, dried over sodium sulfate and evaporated. 
Chromatography on silica gel (n-bexane/ethyl acetate=2Q/l , IQ/l.S/l, 3/1 and 1/1 )gives the 
product in 8.7 % yield (mixture of enantiomers). 



II 



/ 
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Rf=0.S4(n*hexane/ethyl acetates 1/] ) 



Example 37 NaphthalCTe-2-carboxvlic acidf 1 -f 1 -cvanQ>4>phenvUpr^ pvicarhfi mnYl)-^-nTrr h Yl 

butyl1-amide 

A. Boc-2-Annno^phenvUbu tvric acid aip |rii 




28 % aqueous animonia(34 mmol) is added to the imxed anhydride (prepared from 16,8 mmol of 
Boc-homophenylalanine and 17.0 iranol of isobutylchioroformate as usual) at -10 . The reaction 
mixture is stirred at rt for 4.5 hours. The mixture is concentrated, washed with saturated sodium 
bicarbonate, IN hydrochloric acid and brine, dried over sodmm sulfate and evaporated to give the 
product in quantitative yield. The crude product is used for the next reaction without further 
purifk:ation. 

R£=0.60(chlorofonn/mathano}:=10/l) 
Thereafter the title compound 




is prepared analogously as in steps A, B and C of Example 36 
Rf^.81(n-hexane/ethyl acecatesi/i) 



Example 38 
A. 



Naphthaicne--2-carboxvlic acidf 1 -( 1 -cvano-4-phen v|.prQp vlcarhaT^ yf ) 
cvclohexvll-amide 
Naphthalene'2-carboxvUc acidff 1 -methox vcarbonvl ucyr^n^ exvll-amide 
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l-Amino-cycIohexanecarboxyUc acid methyl ester hydrochloride (1 5,2 mmol) and triethylamine 
(1.44 ml, 10.3 mmol, 2 eq.) are dissolved in dichloromethane (15 ml) and 2-naphthoyl chloride (Ig, 
5.2 mmol. 1 cq.) is added at 0^ The reaction mixture is stirred at 0^ - 25*^ for 2 hours and IN 
hydrochloric acid is added The mixture is extracted with ethyl acetate, the organic layer is washed 
with saturated sodium bicarbonate solution, dried over sodium sulfate and evaporated. 
Chromatography on silica gel (n-hexane/ethyl acetatc=10/l, 5/1, 3/1 and 1/1) gives the product in 93 
% yield* 

Rf&0.30(n-hexane/ethyl acetate=:3/l) 

B. N-r2-NaphthovIV l«aminQ>cvclQhexan ^arboxyljg ag rf 




Starting from Naphthalene-2-carboxylic acid[(l.methoxycarbonyl)-cyclohexyl]-amide, the product is 
prepared analogously to N-(naphthalene-2-carbonyI)-isoleucine in quantitative yield. It is used for 
the next coupling without further purification. 
RfM).60(chloroform/methanoi= 1 Q/1 ) 

C. Naphthalene>2>carboxvlic acidf 1 ■>( 1 ■gy anQ-4-phenY>-prQp vicarhap^n Yl)- 

cvclohexvll-amide 




N-(2-Naphthoyl)-l-amino-cyclohexanecarboxylic acid (67 mg, 0.22 mmol), 1 -cyano-3.phenyl- 
propylamme hydrochloride (47 mg, 0.24 mmol, 1.1 eq.) and HOAi (65 mg, 0.48 mmol, 2.2eq.) are 
dissolved in dimethyiforroamide (2 ml) and WSCD (0.044 ml, 0.24 mmol I.l eq.) is added at -10^ 
.After stirring at O'' - 25'' overnight. 5 % sodium bicarbonate solution is added and the mixture is 
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extracted with ethyl acetate. The organic layer is washed with brine, dried over sodium sulfate and 
evirated. Chromatography on silica gel(chlon)fomi/acetone=20Q/l and 100/1) gives the product 
in 63 % yield. 

Rt=0,73(chlorofomi/aoetone=9/ 1 ) 



Example 39 mrtndote-S'ClffbQXYlic acid rWcvanomethv^carbamnv^^- c vclohftXYll-^^ ^jH^ 

l-Amino-cyclohexancarboxyhc acid cyanomeihyl-amide (136mg, O.SOmmol). indoI-5- 
carboxylic acid (80mg, O.SOmmol, 1.0 eq.) and HOBt (74n^g, 0.55mmol Meq.) are dissoved in 
dimethylformamide (5ml) and WSC3> (0.10ml 0.55mmol. l.leq.) is added. After stirring for 20 hour 
at rt» 4% sodhim bicarbonate sohition is added and the mixture is extraced with ethyl acetate. The 
organic layer is washed with sodium bicarbonate, dried over magnesium sulfate and evaporated. 
Chromatography on silica gel (hexanes/ethyl acetate 2/1, then ethyl acetate) gives the product in 
20%yiekL 

Rf = 0.3 1 (hexanes/ethyl acetate 3/1 ) 



Exain>le40 Synthesis of N-F 1 -fcvanomethvl-carbam ovl VcvclQhexyn-4>imid3T^ ] . i -vlmethvl- 

benzamide 

A. Boc-I-aminocYcbhcxane carboxvlic acid 

The title compound is prepared from 1-cyclohexane carboxylic acid (140mmol), B0C2O (154mmol) 
and Na2C03 (140mmol) in 200 ml dioxane and 100 ml water by conventional methods. Mp. 157- 
lei'^C; Rf=0,23 (CH2Cl2/MeOH=95:5) 

B. Boc-l-ammo-cvclohexanecaiixix^c acid n-fcvano mcthvl^ear^ftmovn -aT^ ^rif^ 
Boc*l-aniinocyclohexane carboxylic acid (40mmol), HOBt (40mmol) and WSCD (42nimol) are 
dissolved in dimethylformamide (75ml) and stirred for 15 rain, at RT. 2-aminoacetonitrile 
hydrochloride (40mmol) and triethylamine (40mnK)l) are suspended in DMF (25ml) and added to the 
reaction mature which is stirred at 25**C over night. After evaporation of the solvent, the residue is 
extracted with ethyl acetate. The extract is washed with water, 10% citric acid, brine, sodium 
bicarbonate, brine and dried over magnesium sulfate and evaporated. The residue is suspended in 
diethylether and the solid filtered of and dried (vacuum). 7.35g of a white powder with mp. 160- 
162''C, Rf=^.28 (n-hexane:ethyl acetate=l:l) is obtained. 

C. l-Amino-cvclohexanecaitexvHc acid f l-r cvanomethyUcarbamoyl ) ^ai ^ ^Hp 

hydrochloride 
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HCI in Dietbylether (3-4N, 50ml) is added to the solution Boc-l-amino-cyclohexane-carboxylic acid 
(l-(cyaiioiii6thyi-<arbaii»yI)-ainide (33niinol) in THF (50ml) at RT and stirred overnight. The 
feaction mixture is cooled with an ice bath to 0-4<*C and the solid filtered off and washed with 
diethyletba-. The white crystals are dried (vacuum). Mp. 20S-209''C; RisO.45 
(CH2Cl2/MeOH=9:l). 

D. N-ri-fcvanoniethv^<aibamovl^-cvck>hexvn-4- bromomethvi.hpp ^fl,Ti;H> 
4-BronK»nBthyl-b6nzoic acid (2.3nm»I) is suspended in C3I2C12 (7ml) and cooled to O-S^C. 
Chlorenamine (2.3inmol) is added ancl the mixture is stirred for 45 nan. at 
l-Amino-cyclohexanecarboxylic adcf (l-(cyanoniethyl-carbamoyl) -amide hydrochbride (2.3mmol) 
and N-ethyldiisopropyl-aminc (4.6mmol) in CH2CI2 (7ml) is added at low ten5>erature. Tht mixture 
is stirred for 2 hours at O-S'^C and at RT over night. The reaction mixture is diluted with CH2CI2 
(40m]), washed with water and dried over magnesium sulfate and evaporated. The residue was 
suspended in dsethylether and the solid filtered of. The crude product is purified by chromatography 
on silica using CH2Cl2/MeOH=97:3. The fractions containing the pure product were collected and 

evaporated. The residue was suspended in diethylether and the solid filtered of. A white powder with 
ip.l94-196*C. RfeO.38 (CH2Cl2/MeOH=95:5) is obtained. 

E. N>f 1-f cvanomethvl-carbanK>vlVcvclQhexvl] -4-imida7QU 1 -vlmethvl>ben7^m^^ i> 
N-[l.(cyanomethyl-^jafbanK)yl)-cyclohexyl]-4-hro^ (034mmol) is dissolved in 
THF (2ml) and sodiunhimidazol (0.41nimol) is added and the reaction mixture stirred at RT over 
night. After evaporation of the solvent, the residue is extracted with ethyl acetate. The extract is 
washed with water, dried over mc^esium sulfate and evaporated. The residue was suspended in 
diethylether and the solid filtered of. The crude product is purified by chromatography on silica using 
CH2Cl2/MeOH=9: 1. The firactions containing the pure product were collected and evq)orated. The 

re^due was suspended in diethylether and the solid filtered of. A white powder with mp. 194- IQd^'C, 
Rt=0.28 (CW2Cl2/MeOH=9:l) is obtained 



By repeating the procedure described above in Exan^les 40, using appropriate starting 
materials and reaction conditions the following compounds of formula Xn are obtained as identified 
below in Table 2. 

Table 2 
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XII 



CSN 



Example 
No. 



41 




Rz 



I 

CH, CH, 



Rf (solvent) 
MS(M+1) 



0.26 (hncaoes/HtOAc s 3/1) 



42 




0.50 (hnanes/EtOAc « 1/1) 



43 



44 



H 



126-128 



0.19 (CH2Cl2/MeOH»9:l> 



H 



162-165 



0J.7 



=9:1) 



45 



46 



H 



147-149 



0.24 (CH2Cl2/Me(Xis9:l) 




0.26 QMxaztts/EtOAc = 3/1 ) 



47 



Or 



0.50 (bexaoBS^tOAc = 1/1) 



48 



H 



0.31 (hexauBs^EtOAc s 3/1) 



49 




9^ 

CH, ^CH, 



0.31(n-bexaBe/EtOAc s 2/1) 
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so 




■1 




0.42 (o-faexane^tOAc =2/1) 


51 


b 


« 




0.42 (n-hexane/EtOAc ss2/l) 


52 




M 




• 

(n-nexane/ctOAc b2/1) 










53 




H 




0.69 (EtOAc) 


54 


Ox 


11 




0.69 (EtOAc) 


55 




CH, ^CH, 




0.S8 (n-hexane/EtOAc s 
1/1) 


DO 


0 


H 




0.47 (EtOAc) 


57 


MX 


n 




0.72 (EtOAc) 


58 


jX 


II 




0.73 (EtOAc) 
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45 



59 




41 




0.66(EtOAc) 


60 




« 




0.66 (EtOAc) 


61 




B 




0.67(EtOAc) 


62 








0.24 (toluene/acetone 7/3} 
436 


63 






1199-201 


446 


i 64 


CH3 


K 


184-185 


459 


65 


Oh 


•1 




0.14(CH2a2/M6OH 10/0.2) 
445 


66 


M 






0.54 (petroteum 
ether/EtOAC 1/1) 


67 






154-155 


522 
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A. { l>rfCvanoHiiniethvl-niethvt>-carbamovn-3>iTO^ ^ ^j^j . 

butyl ester 

Boc-Leu-OH (62inmol). HOBt (62mmol) and WSCD (62inniol) are dissolved in dimethylformamide 
(ISQml) and stirred for 15 min, at RT, 2-Aniino-2-methyl-propionaniidc hydrochloride (62niinol) and 
triethylamine (62n]niol) are suspended in DMF (2Sml) and added to the reaction mixture which is 
stirred at 25*'C over night. After evaporation of the solvent, the residue is extracted with ethyl 
acetate. The extract is washed with water, 10% citric acid, brine, sodium bicarbonate, taine and 
dried over magnesium sulfate and evaporated The residue is suspended in diethyletter and the solid 
filtered of and dried (vacuum). 14.78g of a white powder with n?). 182-1 84^C. R&=0.39 
(CH2a2^^0H=9:l) is obtained. 

B. ( ^^fC^rano-dimethv^methvn-carban:x>vI^-3-methvl^but vl^ca^^ u r]A 

butyl ester 

{ l.[(Cyano-dinaeihyl-nKthyl)-carbanK)yl]-3-naethyl-butyl}-c^ acid .tert.-butyl ester (47mmol) 
is dissolved in THF (ISOml) and cooled to -lO^'C Trifluoroacetic acid anhydride (56mmol) and 
triethylamine (94mmol) are added at - lOX and the stirred nuxture is slowly warmed up to 0°C over 
2 hours. After evaporation of the solvent, the residue is extracted with ethyl acetate. The extract is 
washed with water and dried over magnesium sulfate and evaporated. The residue is suspended in 
diethylether/ pentane and the solid fOtered of and dried (vacuum). 9.93g of a white powder with 
mp.l66-168*C, RM).55 (n-hexane:ethyl acetate=:l:l) is obtained. 
C 2-Ammo-4-methvl-Dentanoic acid rcvano^dimethvl-nn ^thvlVamide 

{ l-[(Cyano-dimethyl-methyl)-carbamoyl]-3-methyl-butyI}-carbamic acid .tert.-butyl ester (19mmoI) 
is dissolved in ethyl acetate containing HCl (3-4N, water free) and the mixture is stirred at RT 
overnight. After evaporation of the solvent, the crude product is purified by chromatography on 
silica using CH2Cl2/MeOH=9: 1. The Ifractions containing the pure product were collected and 
evaporated. 2.3g of a yellowish oil, Rf=0.36 (CH2Cl2/MeOH=9: 1 ) is obtained. 

D. N-{l-rfCvanoKiimethvUmethvn-carbamQvl] >3-methvl-but 

benzamide 

4-BromomethyIbenzoic acid (4.lraniol), HOBt (4.1mmol) and WSCD.HC3 (4.lmmol) are dissolved 
in dimethylformamide (7ml) and stored for 10 min. 2-Amino-4-methyl-pentanoic acid (cyano- 
dimethyl-mcthyl)-amide (4. 1 mmol) is added in DMF (3nil) and the reaction mixture is stirred at RT 
overnight. After evaporation of the solvent, the residue is extracted with ethyl acetate. The extract is 
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washed with water, 10% citric acid» brine, sodium bicarbonate, brine and dried over magnesium 
sul£ate and evaporaied. The erode product is suspended in diethylether and the solid filtered of and 
dried (vacuum). A white powder with mp. 185-1 87°C RfeO.43 (n-hexane:ethyl acetate=l: 1 ) is 
obtained. 

E. N-( l>rfCvano-dimethvl-n»thvlWarbamo vll>3>n^thyl-tiutYlM^ i > 

vlmethvl-benzamide 

N-{ l-[(Cyano-din»thyl-inethyl)s:arbanrayl]-3-meA (0.18mmo}) 
is dissolved in THF (Iml) and sodium-ixnidazol (0.41nunol) is added and the reaction mixture stirred 
at RT over night After evaporation of the solvent, the residue is extracted with ethyl acetate. The 
extract is washed with water, dried over magneshim sulfate and evaporated. An oil with Rf=0.44 
(CH2Cl2/MeOH =9:1) is obtained. 

By repeating the procedure described above in Examples 68, using appropriate starting 
materials and conditions the following compounds of formula XIII are obtained as identified below in 



Tables. 



Table 3 
O 



Y 



XIII 



Exainple 
No. 


Rx 


yield 

(%) 
(step B) 


tap. CO 


Rf (solvent) 


69 


CH, CH, 


58 


135-137 


0.29 (CH2Cl2/MeOH=9: 1 ) 


70 


CH. 


51 


160-162 


0. 1 6 (CH2a2/MeOH=9: 1 ) 


71 


CHj 


44 


186-188 


0.23 (CH2a2/MeOH=9:l) 
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Example 72 N-f 1 Cvanomethvl>carbamQvlV3>nK^hvl> butvn ] ,y]. 

ethylsulfanylVbenzamide 

A. 4-(2-CMoroethvlsiilfafivlV-ben2nic acid 

4-Mercaptobeiizoic acid (6SininoI) and l-Bronio-2-chioro-ethane (7lniinol) are dissolved in acetone 
(120ml) and powdered potassium carbonate (Tlnimol) is added. The mixture is warmed up to 40*'C 
and stirred for 7 hours* After eviqx)ration of the solvent* the residue is extracted with ethyl acetate. 
The extract is washed with water and dried ov^ sodium sulfete and ev24>orated. The mide product 
is suspended in diethylether and the solid filt^ed of and dried (vacuum). 7.8g of a white powder with 
np.l42-144X, R£=0.37 (methylenchiorid/niethanol=9/l) is obtained. 

B. 4-f2>Chloroethvl5ulfanviVbenzQvl -Leu>Glvf CN^ 

4-(2-ChloroethyIsulfanyl)-ben2oic acid (18.5mmol), HOBt (18.5mmoI) and WSCD.HCI (19.4ramol) 
are dissolved in dimethylformamide (50ml) and stirred for 15 min. H-Leu-Giy((CN) (IS.Smmol) is 
added and the reaction mixture is stirred at RT overnight. After evaporation of the solvent, the 
residue is extracted with ethyl acetate. The extract is washed with water, 10% citric acid, brine, 
sodium bicarbonate, brine and dried over magnesium sulfate. After evaporation of the solvent, the 
crude product is purified by chromatography on silica using CH2Cl2/MeOHs95:S. The fractions 
containing the pure product were collected and evaporated. The product is suspended in diethylether 
and the solid filtered of and dried (vacuum). 3.15g of a yellowish powder with mp.108-1 10**C, 
Rf^33 (n-hexane:ethyl acetatesLl) is obtained. 

C. 1 -f Cvanomethvl-^arfaamovl V3-mcthvl-butvl}>4-a 1 

ethvl&ulfianvlVbenzamide 

4-(2-Chk)roethylsulfanyl)-benzoyl -Leu-Gly(CN) (1.36mmoI) is dissolved DMF (2ml) and 
pyrrolidine (3nimol) is added. The reaction mixture is stirred for 8 hours at RT, then a catalytic 
amount of potassium iodide is added and again stirred at SO^C overnight. After evaporation of the 
solvent, the residue is extracted with ethyl acetate. The extract is washed with water and dried over 
magnesium sulfate and evaporated. The crude material is applied to a column of silica gel. Ehition 
with CH2Cl2/MeOH=s93:7 gives the product in 24% yield (Rf=0.12 (CH2Cl2/MeOH=95:5). 

Example 73 Synthesis of N-1 1 -f Cvanomethvl-caf hainQvn>3^methvl-h utvn>4>f ^-py ir ^l ^^ } -yU 

^t fyylsulfonviyh q^^^nritf'" 
A. 4.r2-ChloroethvlsnifonvlVben2oic acki 
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4-(2-Cailoroethylsulfenyl)-benzoic acid ( 1 8.4iinnol) is suspended in methylene chloride (60ml) and 
cooled to -10^. m-Chloroperbenzoic acid (38.6mmol) are added dropwise in methane chbride 
(6(hn]) and the mixture is stirred for e hours at -lO^'C The mixture is diluted methylene chloride 
(100ml) and a S% sohition of sodium thiosulfate in water is added and the mixture vigorously stirred. 
The mixture is extracted, washed with water and and dried over sodhun sulfate and evaporated. The 
crude product is recrystallized from ethylacetate and the solid filtered of and dried (vacuum), 2. 19g 
of a pale powder with mp. 142- 144''C, Rf^.37 (CH2Cl2/MeOHs:9: 1 ) is obtained. 

4-r2-ChloroethvlsuIfonvlVfaenzov1 -Leu-niy(q^) 
4-(2-Chlorocthylsulfonyl)-ben2oic acid (8,8mmol), HOBt (8.8mmol) and WSCD.Ha (8.8mmol) are 
dissolved in dimethylformamide (25ml) and stirred for 15 min. H-Leu-Gly{(CN) (IS.SmmoI) is added 
and the reaction mixture is stirred at RT overnight. After evsqx>ration of the solvent, the residue is 
extracted with ethyl acetate. The extract is washed with water, 10% citric acid, brine, sodium 
Ucarbonate, brine and dried over magneshzm sulfate. After evaporation of the solvent, the crude 
product is purified by chromatography on »lica using <3l2Cl2/MeOH=95:5. The fractions 

containing the pure product were collected and evaporated. The product is suspended in diethylether 
and the solid filt^ed of and dried (vacuum). 0.3g of a white powder, Rf=0.25 
(CH2a2^eOHs95:5) is obtained. 

C. N-r 1 -f Cvanoir^thvl>carbamovl V3-Tn&th yl-burvl]^f 2>pvrrQUdi^ 1 -y).. 

ethykulfonylVbenzamide 

4-(2<aik)roethylsulfonyl)-benzoyl-Uu-Gly((^ (0.4mniol) is in pyrroUdine (1ml. The reaction 
mixture is stirred for 1 .5 hours at RT. After evaporation of the solvent, the residue is extracted with 
ethyl acetate. The extract is wa^ed with water and dried over magnesium sulfate and evaporated. 
The crude material is applied to a column of silica gel. Elution with C3l2Q2/MeOHs9S:5 gives the 
product in 43% yield (Rfe=0.30 (CH2a2/McOH=95:5). 



Example 74 Svnthesis of N-f U 1 'Cvano-S-methvl-hutvfcarbamQylV^^- niethvl-bii^n ^-^"^^^^^^^^ 

l-yimctf^yl-bgmaiffltte 

A. Boc-Leu>Leu-NH2 

Boc-Leu-Leu-OH (Bachem, 43.6mmol) is dissolved in THF (250ml) and N-methyhnorpholine 
(43.6mmol) is added. The mixture is cooled to -20'*C and isobutyl chloroformate (43.6mmol) is 
added dropwise. The mixture is stirred for 10 min. and then a 25% aqueous sohition of ammonia 
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(SlSnunol) is added at •20*'C. The mixture is stirred for 3 hours at -20^ to -10**C After 
evaporation of the solvent* the residue is extracted with ethyl acetate. The extract is washed with 
water and dikd over nwgnesinin stt]£ate and evaporated. The crude product is suspended in 
diethylether and the solid filtwed of and dried (vacuum). 14.2g of a white powder with n^. 1 55- 
156^C; RfeO.5 {CH2Cl2/MeOH«9:l) is obtained. 

Boc-Leu-Uu-NH2 (41mmoI) is suspended in THF (20Qml) and triethylamine (83mmol) and 
trifluoroacetic acid anhydride (41raniol) is added at The mixture is stirred for 2 hours at -5^C. 
After evaporation of the sohfent, the residue is extracted with ethyl acetate. Hie extract is washed 
with water and dried over magnesium sulfitte and evaporated. A yeUowish oil with Ri5=0.59 
(n-hexane:ethyl acetates:2: 1) is obtained and deprotected without liirther purification (step C). 

Boc-Leu-Leu(CN) (41mmoI) is dissolved in THF (50ml) and HQ in diethylether (50ml, 3-4N, 
water-ftee) is added at RT and the nuxture stirred ovmiight. After evaporation of the solvent the 
residue is dissolved in methanol and anmonia in methanol (40ml, 3<4N, water-free) is added and the 
solid material filtered of. The filtrate is evaporated and the crude product is purified by 
chromatography on silica using CH2a2'McOHa:95:5. The fi^actions containing the pure product 
w«e collected and evaporated. 5.07g of a yellowish oil with RfeO.43 (CH2Cl2/MeOH=9: 1 ) is 
obtained. 

D; 4'BronM3mgthvlbenzovl-Leu-LeurCN^ 

4-BromoniethyIben2oic acid (6.67ranK)l), HOBt (6.67mmol) and WSCD.HCI (T.Ommol) are 
dissolved in dimethylformamide (15ml) and stirred for 15 nrin. H-Leu-Leu(asi) (6.67mmol) is added 
and the reaction mixture is stirred for 2.5 hours at RT. After evaporation of the solvent, the residue 
is extracted with ethyl acetate. The extract is washed with water, 10% citric acid, brine, sodium 
bicarbonate, brine and dried over magnesium sulfate. After evi^ration of the solvent, the crude 
product is purified by chromatograjAy on silica usmg CH2Cl2/MeOH=97:3. The ft-actions 

containing the pure product were collected and evaporated. 1 .74g of a yellowish oil with Rf=0.59 
(CH2Cl2/MeOH:=95:5) is obtained. 

E. mUl >Cvano-3'metbv!-butvlcarbanftovlV3-methvi-hut vn -4-imid^ i ^y inv.r hyi. 

4-BromomethylbenzoyI-Lcu-Leu(CN) (1.23mmol) is dissolved in THF (5ml) and sodium-imidazol 
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( 1 .48mmol) is added and the reaction mixture stirred at RT over night. After evaporation of the 
solvent* the residue is extracted with ethyl acetate. The extract is wasted with water* dried over 
magnesium sulfate and evi^rated. The crude product is purified by chromatography on silica using 
CH2Cl2/MeOH=95:5. The fractions containing the pure product were collected and evaporated. The 
product is suspended in dietbylether and the solid filtered of and dried (vacuum). A white powder 
with mp. 100- lOS'^QRfs^O.ae (CH2Cl2/MeOH=9:l) is obtained. 

By repeating the procedure described above in Example 74« using appropriate starting 
materials and conditions the foUowing compounds of formula XIV are obtained as identified below 
inTable4. 

Table 4 



H 



O 

il 



C ^CH " 



I 

CH- ^CH, 



il 

o 



CH 
CHs 



XIV 



Exaiiq>Ie 
No. 


Rx 


yield 
(%) 
(stepB) 


mp. ("C) 


Rf (solvent) 


75 




45 




0.17 <CH2Cl2/MeOH=95:5) 


76 


^ xHQ 


51 




023 (CH2Cl2/MeOH=9:l) 


77 


CH. 

o'Xk 


64 




0.31 (CH2Cl2/MeOH=9:l) 



Example 78 rM2-Benzvloxv>l-cvano-ethvkarhamov n.3-methvl-hutvn-carbamic acid benzy) 

ester 



A. 



3-Ben2vloxv-2-(2-benzvloxvcarbQnyl aniino-4-methvl>pentanovlaminQ^>prQp ion^ 
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To a suspension of 0.975 g H-Ser(OBzl)-OH in 5 ml of roeihylene chloride is added 1 ,52 mi of 
trimetliyichiorosilane. After ten minutes at room ten;)erature 0.98 ml of N J^-diisopropylethyl amine 
and 1.81 g of benzyloxy leucine N-hydroxysuccinimidester is added The reaction mixture is stirred 
for 2 hours at room temperature and dihited with ethyl acetate. Ethyl acetate is washed once with 
saturated NaCKsolution and once with H2O, then dried over sodium sulfate, the solvent is removed 
and the residue is crystallized from diethylethra. 

'H-NMR (CDCI3, ppm): 7.30 (m, lOH), 6.83 (d,lH), 5.32 (d.lH), 5.10 (s. 2H). 4.71 (m,lH). 4.50 
(S.2H). 4.28 (m, IH), 3.92 (m,lH), 3.67 (m,lH). 1.46 -i.79 (m, 3H), 0.92 (d, 6H). 
B. r 1-f 2-Benzvloxv> 1 'K:arbamovl-€thvk:ar bamQvn>3>methvl-butyl].<:ybamic aciri 

benzyl ester 

To a solution of 0.980 g of 3-ben2yloxy-2-(2-benzyloxycarbonylamino-4-niethyl-pentanoylamino)- 
propionic acid and 0.25 ml of N-methylmorpholine in 12 ml of tetrahydrofuran 0.3 ml of 





F 


1 


li 



minutes, then 4 ml of aqueous NH3 (25%) is added dropwise over a time period of 5 minutes. The 
reaction mixture is stirred for additional 15 minutes and diluted with ethyl acetate. Ethyl acetate is 
washed once with saturated NH4Cl-solution and once with H2O, then dried sodium sulfate, the 
solvent is removed und the residue is triturated with diethylether. 

*H-NMR (CDCI3, ppm): 7.38 (m, lOH), 6.87 (d, IH), 6.60 (m(br.), IH), 5.41 (m(br.), IH). 5.12 
(d. IH), 5.08 (s, 2H), 4.50 (d. 2H), 4.20 - 3.92 (m, 2H), 3.50 (ra, IH), 1.70 - 1.41 (m, 3H), 0.90 (d, 
6H). 

C. ri>f2-BenzvtoxvM-cvano-ethvlcarbamo vn-3-methvl-hutvIVcarbamic acid benzvl 

ester 

0.3 ml of trifluoroacetic acid anhydride is added dropwise to a solution of 0.9 g of [l-{2-benzyloxy- 
lK:arbanioyl-ediylcarbamoyl)-3-methy]-butyll-carbamic acid benzyl ester and 0.6 ml of triethylamine 
in 15 ml of tetrahydrofuran at -5''C. The reaction mkture is stirred at -5'*C for 3 hours and then for 
12 hours at room ten^)erature. The reaction mixture is then poured into H2O and the aqueous layer 
is extracted three times with ethyl acetate. The combined organic layers ait washed once with H3O 
and once with brine, then dried over sodium sulfate, the solvent is removed and the residue is 
crystaUized from diethylether/ hexane. Mp.: 126 'I27*'C. 

The following con^wunds formula XV, as ictentified in Table 5 below, arc prepared 
analogously to the compound of Example 78. 
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Exaiap]& 
No. 


Rz 


nq). CQ 
MS(M+1) 


79 


If CH, 
0 


100-101° 


80 




157-158" 


81 


0 


157-158" 


82 




159-161" 


83 




106-107" 


84 




126-127" 
424 


8S 




144-146 
438 
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Example 86 2>f2-f4-Chloro-DhenvlaminoVacetvlaininol-4>meth vl-pento^^ acid cy aTynmi^thyL 

'J 



(4-CWoro-phenylaniiiio)-acetic acid (0.5 g) and H-ljeu-Gly((CN).HCl (0.55 g) are disso^ed in 
dimethylformanude (4 nal). HOBt (0.44 g), WSCD.HC1 (0.54 g), triethylainine (0.37 ml) is added 
and the reaction mixture is stirred for 18 hours. After evaporation of the solvent, the residue is 
extracted with ethyl acetate. The extract is wa^ed with 10% citric acid, brine, sodium bicarbonate, 
brine and dried over magnesium sulfate and evaporated. The cmde product is slurried in diethylether 
and the solid filtered of and dried (vacuum) yielding a white powder with mp.l31-134**C. 

By repeating the procedure described above in Example 86, using appropriate starting 
materiJas and conditions the following compounds of formula XVI are obtained as identified below 
in Table 6. 

Table 6 

H 
I 



II ^" H 
O * 

CH 
I 

CH3 



N 



Example No. 


R* 




Rf (solvent) 


87 


H 


foam 


0.32 

(CH2CmieOH= 
95:5) 


88 




110-115 




89 




foam 


0.30 

(CH2C12/MeOH= 
95:5) 


90 


CH, 


130-133 
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ExanpteNo. 


R* 


mp. CO 


Rf (solvent) 


91 


* 


aiaorph 


0.42 

(CH2C12/MeOH= 
95:5) 


92 




131-133 




93 




108-110 




94 




Resin 


0.43 

(C3I2a2/MeOH= 
95:5) 


95 




77-79 




96 




Ofl 




97 




Resin 


0.53 

(CH2C12/MeOH= 
95:5) 


98 


CO., 


foam 


0.47 






(CH2C12/MeOH- 

95:5) 


99 




143-146 
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Example No. 






Rf (solvent) 


100 

• 




119-121 


• 


101 




Resin 


0.26 

(CH2a2/MeOH= 
95:5) 


102 




146-149 
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0.45 (EtOAc) 


0.58 (EtOAc) 


0.28 (n-hexane/EtOAc = 1/1) 


0.46 (n-hexane/ElOAc = 1/1) 
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Compounds of Examples 1 to I S3 are typically selective inhibitors of cathepsin K and 
generally have ICsos for inhibition of human cathepsin K of from about 100 to about 1 nM or less, 
e.g. about 0.5nM. 

Representative con^unds e.g. as described in the the above Bxaniples typically have IC,'& 
for inhibition of Cathepsin K in the range from less than 1 up to ^ut 100 nm, and IC»,s for 
inhibition of Cathepsin K which are at least 10 to about 1000 times less than their ICj<,5 for inhibition 
of Cathepsin L and Cath^sin S, e.g. when tested in the assays described above. 

The cathepsin K selective compounds of the invration are particularly indicated for 
preventing or treating osteoporosis of various gmesis (e.g. juvenile, menopausal, post-menopausal, 
post-traumatic, caused by old age or by cortico-steroid thnapy or inactivity). 

By repeating the procedures described in the above Exan^les using appropriate starting 
materials and reaction conditions the following confounds of fbrrauk XVn are obtained as 
identified below in Tables 8. 9 and 10 



Rx 



H 

N 



Rz 
f 



Q \ / \/ 



o 

II 

C- CH 



XVII 



II 

o 



CH ^ 

£ H 

Ry 



C = N 



Example 


R« 


By 


R> 


mp.CC) 


MS (M+1) 
Rf 

(solvent) 


154 


0 


P 


H 


169-170 


574 (M-1 ) 


155 




.CH, 
CH * 
1 

CH, 


H 




0.80(/> 
hexane/Et 
0AC=1/1) 



( CA 02306313 2000-04-13 ( 



WO 99/24460 ^. PCT/EP9S/06937 



Example 


Rx 




R> 


mp.(«C) 


MS(A/b-1) 

Rf 
(solvent) 


156 1 




• 

.CH, 
CH * 

1 

CH, 


H 




0.63(n- 
hexane/Et 
OAC=1/2) 


157 1 


CH, 


• 

.CH, 
CH ^ 
1 

CH, 


H 




053(n- 
hexane/Et 
0AC=1/1) 


158 


Ok 


• 

.CH, 
CH ' 
1 

CH, 


H 




0.3B(n- 
hexane/Et 
OAC=1/1) 


p159 




0 

CH?^ 
1 * 


H 




422^ 


ISO 


'XT 


H 

chTw 


H 




365.1 


161 






H 




353 


162 


Ok 


CH. 

O 


H 




315.1 


163 


Ok 




H 




314.9 


164 


Pk 




H 




304.1 


165 




CH, ? 
CH, CH, 


H 




259.1 



CX 02306313 2000-04-13 



WO 99/24460 PCT/EP98/06937 



Example 


Rx 




R. 


rop^'C) 


MS(M+1) 

Rf 
(solvent) 


166 




CHj f 
OH, CH, 


H 




288.1 


167 


CI 


CH. f 


H 




322 


168 


b 


CH- ? 


H 




318.1 


169 


nh' ch 


PH3 

CH, 


H 




37B.S 


170 




P 

CH, 


H 


• 


313.9 


171 




P 

CH. 


H 




327.9 


172 




P 


H 




349.9 


173 




P 


H 




383.7 


174 


r 

a 


P 

CH, 


H 




349.8 


175 


O-CH, 


P 

CH, 


H 




343.9 



CA 02306313 2000-04-13 ( 



WO 99/24460 PCT/EF9»06937 



Example 








»»>p.rc) 


M8(iyh-i) 

Rf 

(solvent) 


176 






H 




327.9 


177 


CH- 


p 


H 




341.9 


178 






H 




315.2 


179 




P 


H 




319.9 


180 


'XT 


P 

CH. 
\* 


H 




332 


181 






H 




348.1 


182 






H 




381.3 


183 




So 


H 




344.0 


184 




CH« 


H 




347.9 


185 


CH, 

0 

6. 


CH. 


H 




344.0 



*rB 



CA 02306313 2000-04-13 



WO9M4460 PCT/EP9MM937 



Example 


R. 


V 




mp.(X) 


MS (M4-1) 

Rf 
(solvent) 


186 






H 




320 


187 




CH, 


H 




370 


188 




m 

CH. 


H 




328 


189 




CHj 


H 




313.8 


190 




CH, 

X) 


H 




332 


191 




CH. 


H 




322.9 


192 




• 

CH. 

X) 


H 




381.8 


193 


6 


CH. 


n 




332 


194 


Ik 


CH, 

X) 


H 




358.8 



( CA 02306313 2000-04-13 ( 

ViO 99/24460 PCT/EP98m937 



Exanvie 


R> 


R, 


R. 




MS (M+1) 

Rff 
(solvent) 


■IOC 




CH. 


rl 




357.9 


196 


M 

111 
c 


CH- 

X) 


H 




338.8 


197 


CH, 




H 




275.9 


198 






H 




397.9 


199 




CH- 

X) 


H 




352.9 


200 


CH, 


CH, 


H 




316.9 


201 


CH, 

iK 


CM. 

X) 


H 




392 


202 


Jk 


m 

CH- 


H 




360.8 


203 




CH. 

X) 


A 




330 



CA 02306313 2000-04-13 



WO 99/24460 PCT/EP98/06937 



Example 


B, 






mp.CC) 


MS (M+1) 

Rf 
(solvent) 


204* 

• 


N 

III 
■II 

C 




A 




365 


205 






A 




358 


206 




m 

CH, 


A 




396 


207 


0 




A 




370 


208 


CI 




A 




374 


209 


CH« 
1 * 


CH. 






370 


210 


CH. 


CH, 


A 




354 


211 




CH, 


A 

A 




345.1 


212 


N 
111 
C 

tK 


CHj 

CH * 
1 

CH, 


A 




325 



CA 02306313 2000-04-13 



/ 



WO 99/24460 



73 



PCT/EP98/06937 



Example 








■np-CC) 


Rf 

(solvent) 


213 


F 


• 

.CH, 


A 




318 


214 


CI 


* 

CHj 

CH • 
1 


A 




368 


215 




• 

.CH, 
CH * 
1 


A 




307.9 



* ^ is cyctopropyl i.e, Rz is ethylene and makes a cyclopropyl ring with the carbon atom to which 
it is attached. 

The confounds of Table 8 are typically selective inhibitors for cathepsin S, and normally 
have IC50S for cathepsin S inhibition in the range from abot 100 to about 10 nM. 
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The coinpouncis of Table 9 are typically selective inhibitors for cathepsin U having IC50S for 
cathepsin S inhil»tion which are preferably in the range from about 100 to about 1 nM. 
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The compounds of Table 10 are inhibitors of cathepsin L and cathepsin S, having ICsoS for 
inhibition of cathepsin L in the range from about 100 to about 50 nM and ICsqs for inhibition of 
cathepsin S in the range from about 50 to about 10 nM. 



Example 302 ffTnthf^iS 9^ N42 Jr3>rmgthoxY-iairbonvn.DhenvlVmeth oxv1-l(SWv^ 

infithvl»Nct>f2^2»diphcnvlacctvl ^■L»phenv Ualftnl«fwniH<> 

A. Q-rr3-(m&thoxvcarfaonvlVDhenvnrnethvl1-N-(t-butoxvca rbonvlVI^sem^ 

To a solution of N-(t-butoxycarbonyl)-L-serine (16.1 g, 78.46 mnK>I) in DMF (90 mL) at - 
15^C is added sodium hydride (6.9 g, 60% in mineral oil, 172.6 mmol) portionwise with vigorous 
stirring, over 0.5 hour. After all sodium hydride is added, the mixture is stirred for an additional 10 
minutes at O^'C, and then at room temperature for 30 minutes. The solution is cooled back to O^'C, 
and a solution of methyl 3-bfomoixiBthylbenzoate (19.77 g, 86.30 mnx>l) in DMF (90 mL) is added 
dropwise over 15 minutes. The mixture is then wanned to room tenqierature for 16 hours. DMF is 
then evaporated (high vacuum, <40°C), and the residue is diluted with cold water (200 niL) and 
acidified to pH 4-S with 1 N HCL The tesuhing mixture is extracted with EtOAc (4 x ISO mL). The 
combined extracts are washed with 0.1 N HQ (2 x 300 mL) and brine (2 x 300 mL), dried over 
MgS04, and ev2^rated to give a yellowish syrup. Chromatography (silica, 5% MeOH/CH2Cl2) 

yields 0-[[3-(raethoxycarbonyl)-phenyllmethyll-N-(t-butoxycarbonyl)-L-serine as a yellowish oil. 

B. Q-fr3>rmethox ycarbonvnphenvllmethvll- N-ft-butoxvcarfaonvlVI^s 

A solution of 0-[[3Kniethoxycarbonyl)phrayI]methyl]-N-(t*butoxycaibonyl)*L-seri^ (3.0 g, 
8.50 mmol) and N-metlQrinnorpholine (2.8 mL, 2.58 g, 25.5 mmol) in CH2CI2 (50 mL) is cooled to - 
lO^C, and isobutyl chloroformate (1.1 niL» 1.16 g, 8.5 mmol) is added dropwise over 10 minutes. 
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After stirring for IS minutes* ammonia gas is bubbled into the solution at a moderately vigorous rate 
for IS minutes. The solution is then warmed to room temperature over 30 minutes. CH2CI2 is 
evaporated, and the residue is dissolved in EtOAc (50 mL) . This solution is then extracted with 1 N 
HCl (2 X 50 mL), saturated NaHCQs (50 mL), water (50 mL) and brine (50 mL)» dried over 
MgS04, and evaporated. Chromatography (silica, 75% EtOAc/hexane} yields 0-[[3- 

(methoxycarbonyl)phenyl]methyl]-N-(t-butoxycarbonyl)-l^serinamide as a thick oil. 

C. 0> rf3-fnistho xycarbonyl) phenvllmethvlVI^serinamide.HCl 

To a solution of 0-[p-(iiiethoxycarbon)d)phenyI]inethyI]-NKt-butoxycarbonyl)-L-serinan^ 
(2.4 g, 6,82 ratnol) in EtOAc (50 mL) at O^C is bubbled HCl gas at a moderately vigorous rate for 5 
minutes, during which time a lot of white precipitate is observed. The mixture is wanned to room 
ten^erature over 30 minutes, after whkh time EtOAc is removed, yielding 0-[[3- 
(metboxycarbonyI)phenyl]methyl]-L-serinamide'HCl as a white solid. 

D. 3-methvl-N-f2.2-ditjbtanv]acetvlVUphenvlalanine 

To a sohition of 3-roethyl-L-phenylalanine (1.8 g, 10.06 mmol) and Na2C03(3.2 g, 30.18 
mmol) in water (150 mL) is added a sohition of diphenylacetyl chloride (2.32 g, 10.06 mmol) in THF 
(150 mL), and the resulting sohition is stirred vigorously at room temperature overnight. The THF 
is then evaporated and the aqueous layer is diluted with 6% aqueous NazCOa (100 mL), and washed 
with EixO (3 x 150 mL). The aqueous layer is then acidified to pH 1 with cone. HO, and the 
resulting slurry is extracted with EtOAc (3 x 100 mL). The organic phase is then washed with water 
(2 X 100 xrL) and brine (1 x 100 mL), dried over MgS04 and evaporated to yield 3-metbyi-N-(2,2- 
diphenylacetyl)-L-phenylalanine, as a white solid. 

■ 

n^thylVL-serinamide 

To a solution of 3-methyI-N-(2,2-diphenylacetyl)-Lnphenylalaninc (1.0 g. 2.68 mmol) and O- 
[[3-(methoxycarbonyl)phenyl]methyl]-L-sermamide HCl (0.774 g, 2.68 mmol), l- 
hydroxybenzotriazole hydrate (0.452 g, 2.95 mmol» and N-methybnorpholine (1.18 mL, 1.085 g, 
10.72 mmol) in CH2CI2 (50 mL) is added l-(3-dimethylaminopropyl)-3-ethylcarbodiimide HCl 
(0.771 g, 4.02 mmol) in one portion and the mixture is stirred at room ten^erature for 16 hours. 
The solution is then washed with 1 N HQ (100 mL), saturated aqueous NaHCOa (1 x 50 mL), water 
(1 x 50 mL) and brine (1 x 50 mL), dried over MgSO^, and evaporated. The residual solid is 
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triturated with hot methanol to yield N-[3-iwthyl-N-(2,2-diphenylacetyl)-I^phenyla]anyl]-0-[[^^ 
(n]ethoxycartx>nyl)phenyl]methyl]-l^serinaniide as a white solid. 

F. N-r2^rr3-rmet hoxv>carbonvn-DhenvlVm&thoxv1-irSl-cvaiK)ethvlV^ 

diphenvlacetv) yT^p^^nyl^alani^aniidg 

Oxalyl chtoride (0.057 inL, 0.084 g, 0.66 mniol) is added dropwise to DMF (10 mL), and 
the resulting sohition is cooled to O^'C After the solution becomes clear, pyridine (0.1 1 mL, 0.10 g, 
1.31 mmol) is added, followed by N-[3-niethyl-N-(2»2-^phenylacetyl)-I^phenylalanyl]-0-[[3- 
(niethoxy-<:arbonyl)-phenyl]nietbyl]-I^sermaniide (0.20 g, 0.329 mmol), in one portion. The yellow 
reacdbn solution is stirred at O^'C for U hours, after which time the it is dihited with EtOAc (50 
mL), and washed with saturated NaHCOs (1 x 50 mL). saturated LiCI (1 x 50 mL). dried over 
MgS04, and evaporated. The residue is chromatographed (silica. 80% EtOAc/bcxane) to yield N- 
[2-[(3-(niethoxy-carbonyO-pbcnyl)-methoxy]-l(S)-cyanoethyll-3-meto^ y 
L-phenyl-alaninamide as a white solid having the following structure 




CO^Me 



Example 303 ^vnthesis of N-[2-rf3-carboxyDhenvI)methoxYl-lfSVcvanoethvn-3^methvl-Na> 

fdiphenvacetvD-L-phenvlalaninamide 

A solution of N-[2-[(3-(methoxycarbonyl)pbenyl)methoxyl-l(S)-cyanoethyl]-3-methyl-Na- 
(2,2-diphenylacetyl)-L-phenylalaninaniide (0.34 g. 0.58 mmol) in pinacolone (20 mL) is degassed 
with bubbling nitrogen for 10 minutes. Lithium iodide (0.78 g. 5.80 mmol) is then added, and the 
sohition is refluxed in the dark for 24 hours, after which time it is cooled to room tenq>erature, 
dihited with ethyl acetate (50 mL), and washed with 5% aq. sodium thiosulfate (2 x 50 mL), water (1 
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X 50 mL) and brine (I x 50 mL). The organic layer is then dried over MgS04, evaporated, and the 
residue is chroixiatographed (silica, 3% MeOH/CH2Cl2/ 0.05% acetic acid) to yield a clear glass, 
which is crystallized with an EtOAc/hexane ( 1 :S0) mixture to yield N*[2-[(3- 
carboxyphenyl)inethoxy]-l(S)-cyanoethyll-3-methyl-Na-<diphenyaceiyI)-I^^ as a 

white solid, ntp- ieO-162^C 

Example 304 N*r2-rf3*(anYloxYcarbonvlVDhcnvnmethoxviafS)-cvanoethvn..3-met^^^ 

A. 3-.methvi>-N-rtAatoxvcarhoDv1W ^p>rilY^atoninr 

To a suspension of 3-iwthyI-L-phenyIalanine (2.7 g, 15 nnnol) in 85 mL 10% triehyl- 
amine/naethanol is added di-t-butyldicarbonate (6,5 g, 30 mmol), and the sototion is refluxcd for 2.5 
hours. After cooling, the n)etharK>l and triethylamfaie are evi^rated and the residue is diluted with 
Et20 (250 mL) and extracted with saturated Na2C03 (2 x 75 mL). The combined aqueous layers 
aie again washed with £t20 (250 mL), and then acidified with cone. HCI to pH = 2-3. The resulting 
mixture is then extracted with EtOAc (3 x 75 mL) and washed with water and brine, dried over 
MgS04, and evaporated to yield 3-methyl-N-(t-butoxycarbonyl)-L-phenylalanine as a clear oil. 

B. allyl S-fchlor omethvlVbenzQate 

A solution of 3-(chloron»thyl)-benzoic acid (50.0 g, 0.293 nwl), potassium carbonate (48.61 
g, 0.352 mol) and allyl bromide (50.7 mL, 0.586 mol) in acetone (500 mL) is refluxed for 2 hours, 
after which time the solution was cooled to room temp, and filtered through celite. The filtrate is 
evaporated and the residue chromatographed (silica, 5 % EtOAc/hexane) to yield allyl 3- 
(chlorom&thyI)-benzoate as a clear oil. 
C jOlyl 3>(ii9aQm^fryl)-bengQ^te 

A solution of allyl 3-(chloromethyI)-benzoate (54.5 g, 0.259 mmol) and sodium iodide (46.56 
0.31 1 rool) in acetone (500 noL) is stirred at room ten^. for 6.5 hours, after which time the 
mixture is filtered . The filitrate is evaporated and the residue is dissolved in diethyl ether (500 mL), 
then washed with water (1 x 2(X) mL), 5% sodium sulfite solution (1 x 200 mL) and brine (1 x 200 
mL), dried over magnesmm sulfate, and evaporated to yield allyl 3-(iodomethyl)-benzoate as a white 
solid, which was is directly. 

D. (>ff3>fallvk3X vcarfaQnvlVDhenvnmethvn-N>(t>butQxvc arbonvlVL-5eri 



CA 02306313 2000-04-13 

VfOfMMSH PCT/EP98/0fi937 

90 

Sodium hydride ( 19.4 g, 60% in mineral oiU 484.4 mmol) is washed with dry hexanes (2 x 30 
mL) to remove the numral oil and then suspended in anhydrous DMF (330 roL). To this suspension 
a solution of N-butoxycarbonyl*L-serine (4S.2 g, 220.2 mmol) in DMF (1 10 mL) at OX is added 
dropwise with vigorous stirring. The mixture is stirred for an additional 5 minutes at O'^C, and then 
at room temperature for 30 minutes. The solution is cooled back to O'^C, and a sohition of allyl 3- 
iodomethylbenzoate (66.6 g» 220.2 mmol) in DMF (110 mL) is added dropwise over IS minutes. 
The mixture is then wanned to room temperature for 30 minutes. The reaction mixture is poured 
into ice water (2.2 L) and acidified to pH 2 with 1 N HCl (270 mL). The mixture is extracted with 
ether ( 1 x 600 mU then 3 x 300 mL) and the combined ether extracts are then washed with water (S 
X 200 ml) and then dried (MgS04) and evaporated m vacuo to yield 0-[[3-(aUyIoxycarbonyI)- 
phenyl]methyI]-N-(t-butoxycarbonyI)-L^serine as a yellowish oil» which is used as is in the 
subsequent step. 

E. Q-rf3-fanvlox ycarbonvnphenvllmethvn>N4t-butQxy carbonvlV^^ 

A sohition of 0-[[3-(aIlyloxycarbonyl)phenyl]meihyl]-N-(t-butoxycarbonyl)-L-serine (79,2 g, 
209 mnwl) and N-methybnorpholine (68.9 mL, 63.4 g, 627 mmol) in CH^C\ (800 mL) is cooled to - 

lO^C and tsobutyl chloroformate (32.S mL, 34.2 g. 251 mnx>l) is added dropwise over 10 minutes. 
After stirring for IS minutes, ammonia gas is bubbled into the solution at a moderately vigorous rate 
for 15 minutes, at -lOX . The solution is tten warmed to room temperature and stirred for 30 
minutes. The reaction mixure is cooled to OT and 1 N HQ (800 mL) is added. The organic phase 
is washed with 1 N HQ (2 x 700 mL), then washed with saturated NaHCOa (700 mL), then dried 
(MgSOO and evaporated fai vacuo to yield 0-[[3-(anyIoxycarbonyl)phenyI]methyI]-N-(t- 
butoxycarbonyi)-L-serinamide as a thick oil, which is used as is in the subsequent step. 
R 0-ff3-fallvlox ycarbonvnphenvll-methvl^L^serinamide.HCl 

To a solution of 0-[[3-(allyloxycarbonyl)phenyllmethyl]-N-(t-butoxycarbonyl)-L-serinamide 
(69 g, 182.S mmol) in EtOAc (1000 mL) at OT is slowly bubbled HCl gas for 1 hour, during which 
time a white precipitate is observed. The mixture is warmed to room temperature over 30 minutes, 
after which time EtOAc is removed by evaporation. The resulting residue is triturated with ether 
(500 mL) with vigorous stirring for 30 minutes. The precipitate is coUected by vacuum filtration, 
washed with ether (2 x 100 mL) and then air dried to yield 0-[[3-(allyloxycaibonyl)phenyll-methyl]- 
L-serinamide-HCl as a free-flowing white solid. 
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G. N>^3>fnethvl>N-rt-btttoxvcarbonvn-I^ptetyl^ 
L^serinaitiide 

To a solution of 0-[[3-(allyloxycartx)nyl)phenyllii»thyll-L-serin^ (2.92 g, 10.46 
mmol), 3-inethyl-N-(t-butoxycarbonyI)-L-phenylalanine (3.29 g, 10.46 mmoli, l- 
hydroxybenzotriazole (1.92 g, 12.55 mmol), and N-inethylmoipholine (4.6 mL. 4.23 g, 41.84 mmol) 
in CH2CI2 (120 mL) is added l-(3-diinelhylaininopropyl)-3-ethylcarbodiimide«Cl (3.01 g. 15.69 
mmol) in ox portion. The solution is stirred for 16 hours, then washed with 1 N HCl (100 ihL), 
saturated aqueous NaHCOs (1 x 50 mL), water (1 x 50 ndL) and brine (1 x SO mL), dried over 
MgS04, and evaporated. The residual solid is triturated with hot methanol to yield N-[3-methyl-N- 

(t-butoxycarbonyl)-L-phenylalanyll-0-[[3-(allytoxycarbonyl)-phen^^ as a white 

solid. 

H. ^f-f2-rf 3-f aHvloxvcarbonvlVphenvnmethoxvl- 1 rSVcvanQ ethvlV3-methvUNfi>rt> 
butoxvcarbop yiyT ^p|ieny|fl1flni namide 

Oxalyl chloride (1.79 mL, 2.6 g, 20.48 mmol) is added dropwise to DMF (30 mL), and the 
resulting solution is cooled to O^C. After the solution becomes clear, pyridine (3.31 mL, 3.24 g, 
40.96 mmol) is added, followed by N-[3-mBlhyl-N-(t-butoxycarbonyl)-L-phenylalanyl]-0-[[3- 
(alIyloxy-carbonyl)phenyl]methyI]-L-serinamide (5.52 g, 10.24 mmol), in one portion. The yellow 
reaction solution is stirred at O'^C for 1.5 hours, after which time it is diluted with EtOAc (SO mL), 
and wa^ied with saturated NaHC03 (1 x 50 mL), saturated LIQ (1 x SO mL), dried over MgS04, 
and evaporated. The residue is chromatographed (silica, 40% EtOAc/hexane) to yield N-[2-[(3- 
(allyloxycarbonyl)-ph6nyl)methoxy]- 1 (S)-cyanoethyll-3-n»thyl-Na-(t-butoxycarbonyl)-I^ 
phenylalaninamide as a white solid. 

I. N-r2-rf3-faDy loxycarfaonvlVphenvnmeth oxvl-USVcymoethvlV 
phenylalaninamide 

A solution of N-[2-[(3-(allyloxycarbonyl)-phenyl)methoxyl- 1 (S)-cyanoethyl]-3-methyI-Na- 
(t-butoxycarbonyl)-L-phenylalaninamide (3. 18 g, 6.10 mmol) in 96% formic acid (40 mL) is stirred 
at room temperature for 5.5 hours. Formic acid is evaporated (high vacuum, 25^C), and the residue 
is taken up in water (50 mL) and basified with saturated NaHC03 (1(X) mL). The resulting mixture 
is extracted with EtOAc (3 x 50 mL), and then washed with water (2 x 100 mL) and brine ( 1 x 100 
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mL), dried over MgS04, and evaporated to yield N-[2-[(3-(alIyloxycarbonyl)-phenyI)inethoxy]-l(S)- 
cyanoechyl]-3*methyl-L-phenylalan]naiTu^ as a clear thick oil 

J. N«f2>rf3-raUvtoxvcarbonvn>pheDvltoethoxvVUSVcva nQethvlV 
morpholinocaifaonvlVI^phenvlalanitmin^ 

To a solution of N-[2-[(3-(allyloxycarbonyi)phenyl)n»ethoxy]-l(S)-cyanoethyl]-3-i»^ 
pbenylalaninainide«HCl (0.29 g, 0.69 iiiznol) and N-niethylmoipholine (0.23 mL, 0.21 g, 2.07 mmol) 
in CH2CI2 (10 mL) is added mopholinecarbonyl chloride (0.21 g, 0.23 niL, 2.06S mmol) in one 
portion, and the solution is stirred at room temperature for 16 hours. The solution is then diluted 
with additional CH2a2 (40 mL). and washed with 1 N HCl (50 mL), saturated aqueous NaHCOs 
(1 x SO mL), wat^ (1 x SO mL) aiKl brine (1 x SO mL)« dried over MgS04. and evaporated. The 
residue is chromatographed (silica, 80% EtOAc/hexane) to yield N-[2-[(3-(aIlyloxycarbonyl)- 

phenyI)methoxyl-l{S)K:yanoethyl]-3-methyl-Na-(N-morpholinocarbonyl)-L-phenylaianin as a 
clear oil. 

The corresponding 3-carboxyphenyimethoxy compound is prepared as follows: 
To a solution of N-[2-[(3-(aIlyloxycarix>nyl)-phenyl)methoxy]-l(S)-cyanoethyI]-3-TO^ 
Na-(N-nfK)rpholinocarbonyl)-L-phenylalaninamide (see example 3, 0.2 g, 0.37S mmol) in anhydrous 
THF (20 mL) is added morpholine (0.327 mL, 0.326 g, 3.75 mmol), followed by Pd(PPh3)4 (0.043 
g, 0.0375 mmol). The solution is stirred at room temperature for 3 hours, after which time the THF 
is evaporated. Hie residue is taken up in EtOAc (100 mL) and washed with 1 N HCl (100 mL), 
saturated aqueous NaHC03 (1 x 50 mL), water (1 x 50 mL) and brine (1 x 50 mL), dried over 
MgS04, and evaporated. The residue is chromatographed (silica, 3% MeOH/CH2Cl2/ 0.05% acetic 
add) to yield a clear glass, which is crystallized with an EtOAc/hexane (1 :50) mixture to yield N-[2- 
[(3-carboxyphenyl)-niethoxyl- 1 (S)-cyanoethyll-3^methyl-Na-(N-morpholinocarbonyl)-L- 
pbenylalaninamide as a white solid, m.p. 100 (dec.). 

Example 305 Synthesis of N43-f 3-f methoxvcarbonvn-phenoxv VUcyanopropvlV3>methyl>Na- 

f2.2-diphen ylacetyn-L'ph &nylalaninamide 

A. methvl 3-f2-broniQethQxy Vbenzoate 

A solution of methyl 3-hydroxybenzoate (S.Og, 32.86 mmol), 1 ,2-dibromoethane (1 1 .3 mL, 



CA 02306313 2000-04-13 ( 

WO99/24460 PCT/EIW06937 

93 



131,44 mmol), and potassium cartwnatc (5.45 g. 39.43 mmol) in DMF (100 mL) is rcfluxed 16 
hours, after which time the sohitlon is cooled, concentrated in vacuo, and chroniatographed to yield 
methyl 3K2-bron)oetboxy)-benzoate, as a yellow oil. 

B. methyl 2-io doethoxvVbenzoate 

A solution of methyl 3-(2-broinoethoxy)-benzoate (2.4 g, 9.26 mmol) and sodium iodide 
(2.78 g, 18.52 mmol) in acetone (SO mL) is refluxed for 2 hours. The resulting mixture is then 
filtered and concentrated. The residue is dihited with EtOAc (1(X) mL), washed with 5% 
Na2SO3(50 ihL), water (2 x 50 mL) and brine (50 mL), dried over MgS04 and evaporated to yield 
methyl 3-(2-iodoethoxy)-benzoate, as a yellow oil, which is used directly. 

C. VdiphenvlmethvleneaminoV4-rf3-methoxvcarbonvlV phenQxvVbutvr^^ 

To a solution of sodium hexamethyldisilazide (8.82 mL of a 1.0 M solution, 8.82 mmol) in 90 
mL THF at -TS^'C is added a sohition of N-(diphenylmethylene)aminoacetonitrile (1.90 g, 8.65 
mmol) in THF (30 mL), via syringe. After stirring 30 minutes at -78X, a solution of methyl 3-(2- 
iodoethoxy)-baizoate (2.7 g, 8.82 mmol) in THF (20 mL) is added in to the reaction sohition via 
syringe. The solution is then warmed to room temperature, and allowed to stir for 3 hours. The 
mixture is then quendied with saturated NH4CI (SO mL), and the aqueous layer is extracted with 

EtOAc (3 X 50 mL). The combined organic layers are washed with water (1 x 50 mL) and brine (1 x 
50 mL), and chromatographed (siUca, 12.5% EtOAc/hexane) to yield 2-(diphenyhi]ethyleneainino)- 
4-[(3«metboxycarbonyl)-phenoxy]-butyronitrile, as a clear oil. 

D. l-flniino-4^f3-(inethoxvcarbonvlVDhenoxvVbutvronitrile 

2"(Diphenyimethyleneamino)-4-[(3-methoxycarboi9l)-phcnoxy] (3.7 g. 6.78 

mmoQ is stirred vigorously for 1 6 hours in a bq>hasic nuxture of 1 N HCl (7.5 mL) and Et20 (90 
mL). The ether layer is renwved, and the aqueous layer is washed with Et20 (3 x 50 mL), basified 
to pH 8 with i N NaOH, and extracted with EtOAc (3 x 50 mL). The comboied organic layers are 
then washed with brine (1 x 50 mL), dried over MgS04 and evaporated to yield 2-amino-4-[3- 
(niethoxycarbonyl)*phenoxy]-butyromtri]e, as a clear oil. 

E. N43-f3-f methQxvcarfaonvlVphenoxvV 1 ■cyanoprQpvn>3 -methvl-Na.r2.2>diphenvlacetyn-L- 

To a solution of 2-amino-4-[3-(methoxycarbonyl)-phenoxyl-butyronitrile (0.5 g, 2.13 
mmol), 3-niethyI-N-(2,2-diphenylacetyl)-Lrphenylalanine (see example 1, 0.80 g, 2.13 mmol) and 
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diisopropyleihylairanfi (1.1 mL, 6,39 inmol) in CH2CI2 (15 niL) is added bcnzotriazoH-yloxy-tris- 
(pyrrolidino)-phosphonium hexafluoiophosphate (PyBop, 1.22 2.34 mmol) in one portion. After 
stirring 1.5 hour, an additional portion of PyBop (0.61 g, 1.2 nomol) is added, and the sohition is 



NaHC03(l X 50 niLX water (1 X 50 mL) and brine (1 X 50 mL), dried over MgS04, and 



(methoxycarbonyO-phenoxy)- 1 -cyanopropyll-3-methyI-Na-(2,2-diphenylacetyl)-L- 
phenylalaninamide as a white solid, ntp. 152-153''C 

The correqmnding carboxyphenoxy confound is prepared as foUows: 

To a solution of N-[3-(3-(niethoxycarbonyl)-phenoxy)-l-cyanopropyI]-3-methyl-Na-(2,2- 
dipfaenylacetyI)-L-phenylalaninamide (0. 16 g, 0.272 mmol) in THF (3 mL) is added a solution of 
LiOH-H20 (22 mg, 0.544 mmol) in water (L5 mL). The reaction is stirred for 1 hour, after which 
time the THF is evirated. The residue is acidified with 1 N HCl and extracted with EtOAc (3 x 30 
mL). The aqueous layer is washed with brine (30 mL), dried over MgS04, evaporated and 
chromatographed (5% MeOH, 0.05% AcOH, CH2CI2) to yield N-[3-(3-carboxyphenoxy)-l- 

cyanopropy]]-3-methy]-Na-(2,2<<Uphenylacetyl)-L-phenyManin^ as a white solid, m.p. 169- 
170°C. 

Example 306 Synthesis of N-f 24f 5-rmethoxvcarbonvlVfur-2>vn-mfit hoxv1- 1 (S^-cvanoethylj^-^- 

Bitfhyl-W«-(2»?H^phfiuytap^yl)'t^p^^ 




irradiation. After 15 minutes, the solution begins to reflux vigorously, and then settles down after 
another 2-3 minutes. After an additional 10 minutes, the dark mixture is cooled to room 
temperature, and MeOH (30 mL) is added. After 10 minutes, the solution is evaporated, and the 
residue is diluted with Et20, and washed with saturated NaHC03 (50 mL), water (SO mL) and brine 
(50 mL), dried over MgS04 and evaporated. The residue is chromatographed (silica, 15% 
EtOAc/hexane) to yield methyl 5-(bromomethyl)-2-ftiroate, as a yellowish oil. 




evaporated. The residue is chromatographed (silica, 50% EtOAc/hexane) to yield N-[3-(3- 
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B. Q-fffS-methoxvcarbonvlVfnr-2-vil-mftthyl1-N-(t^^ 

To a sohition of N-(t-but09g^carbonyl)-L-serine (2 J g, 123 mmol) in DMF (50 iriL) at • 
15T is added sodium hydride (1.22 g, 60% in mineral oil, 30 J mmol) portionwise with vigorous 
stirring, over O.S hours. After aD sodium hydride is added, the mixture is stirred for an additional 10 
minutes at 0°C, and then at room temperature for 30 minutes. The solution is cooled back to O^^C, 
and a sohition of methyl 5-(hromomethyl)-2-furoatc (2.5 g, 12.3 mmol) in DMF (10 mL) is added 
dropwise over 2 minutes. The mixture is then warmed to room temperature for 16 hours, and the 
residue is quenched with 10% NaH2P04 (100 mL) and acidified to pH 3 with 1 N HQ. 10% UCl 
(30 mL) is added to the sohition, and the resulting mixture is extracted with EtOAc (3 x 50 mL). 
The combined extracts are washed with brine (SO mL), dried over MgS04, and evaporated to give a 
yellowish syrup. This residue is taken up in Et20 (50 mL), and extracted with saturated NaHC03(2 
x 50 mL). The aqueous layer is aculified with cone. HCI, and extracted with Et20 (2 x 50 mL), 
dried (MgS04). and evaporated. C3iromatography (silica, 5% MeOH/CH2Cl2) yields 0-[[(5- 
methoxycarbonyl)-fur-2-yI]-methyl]-N-(t-butoxycarbonyl)-L-serine as a yellowish oil. 

C. Q-rf(5>methoxvcarbonvlVfur>2>vll-niethvn-Na-rt-btttoxvc 

A sohitfon of 0-tl(5-n»thoxycarbonyI)-iw-2-yl>niethyll-N-(t-butoxycarbonyl)-L-serine 
(0.70 g, 2.1 mmol) and N-methybnoipholine (0.46 mL, 4.2 mmol)) m CH2CI2 (50 mL) is cooled to - 

lO^C, and isobutyl chloroformate (0.27 raL, 2.1 mmol) ) is added dropwise over 10 minutes. After 
stirring for 1 5 minutes, ammonia gas is bubbled into the solution at a moderately vigorous rate for 1 5 
minutes. The solution is then warmed to room ten^. over 30 minutes. CH2CI2 is evaporated, and 

the residue is dissolved in EtOAc (50 mL) . This solution is then extracted with 1 N HCI (2 x 50 
mL), saturated NaHCOs (50 mL). water (50 niL) and brine (50 mL), dried over MgS04, and 

evaporated to yield 0-[[(5'methoxycarbonyl)-ftir-2-yl]-methyl]-Na-(t-butoxycarbonyI)-L-serinamide 
as a brownish solid. 

D. Ofr(S-methQxycarbonyn-fiir-2-yll-methvlV l^serinamide HCI 

To a solution of 0-([(5-medioxycarbonyl)-fur-2-yll-methyl]-Na-(t-butoxycarbonyl)-L- 
serinaimde (0.52 g, 1.58 mmol)) in EtOAc (SO mL) at O^C is bubbled HCI gas at a moderately 
vigorous rate for 1 minute, during which time a bt of white precipitate is observed. The mixture is 
stirred at O^'C for 10 minutes, after which time ethyl acetate is removed, yielding 0-[[(5- 
methoxycarbonyl)-fur-2-yl]-methyl]- L-serinamide*HCl as a yellowish solid. 
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E. yJ-r^m&thyl-N-a^^diphenvlacetvlVI^phmylft^^^ 
methylVI^serinaimde 

To a solution of 3-inethyl-N(X-(2»2-4iphraylacetyI)-L-pheiiylalan^ (0.40 g, 1.5 mmol), O- 
[[(5-m&thoxycarbonyl)-fur-2-yI]methyl]- L-swinamkie-Ha (0.54 g. 1.5 mmol), l-hydroxybenzo 
triazole hydrate (0.2 g, 1.5 mmol) and N^methylmoiphoUne (0.66 mL, 6.0 mmol) in CH2C^ (30 

mL) is added l<3-diniethylaininopropyl)-3-cthylcarbodiin^ (0.43 g, 2.3 imnol) in one portion, 
and the mixture is stirred at room temp, for 16 hours. The sohition is then washed with 1 N HCI 
(100 mL), saturated aqueous NaHCOs (1 x SO mL), wat^ (1 x 50 mL) and brine (1 x SO mL)» dried 
over MgS04, and evaporated. The residual solid is triturated from ether to yield N-[3-methyl-N- 
(2,2-Kiiphenylacetyl)-L-phenylalanyQ-(>[[5-(nietho)Qrc^ as a 

light yeOow solid 

F. N^l^ff S-rmet boxycarbonvlVfiir-2--vlVmethoxvU 1 f S Vc yanoethvl1>3>methvl>Na-r2-2> 

diphen^acetylVL-phenvl f^la^fn^m^^ 

Oxalyl chloride (0.046 mL, 0.36 mmol) is added dropwise to DMF (5 mL), and the resulting 
solution is cooled to 0°C. After the solution is clear, pyridine (0.032 mL, 0.40 mmol) is added, 

foDowed by N-t3-methyl-N-(2,2-dipheny]acetyl)-L-phenylalanyl]-C>-I[5-(methoxycarbonyl)-to 
methyl]«L^serinamide (0.2Qg, 0.33 mmol), in one portion. The yellow reaction solution is stirred at 
O^'C for 1 .5 hours, after whidi time it is dihited with EtOAc (50 mL), and washed with saturated 
NaHC03 (1 X 50 mL), saturated LiQ (1 x 50 mL), dried over MgS04. and evaporated. The residue 
is chromatographed (silica, 40% EtOAc/hexane) to yield N*'[2-[(5-(tnethoxycarbonyl)-fur-2-yI)' 
n«thoxy]-l(S)-cyanoethyll-3-methyI-Na-(2,2-diptenyIacetyl)-L-phenylalaninami as a white soBd. 

Example 307 Synthesk of N-f 24r3-(methoxvcariionvnphenvnthiQmethoxvl- 1 f S Vc yanoethvll>3- 
inethvl>Na-f2 -2-diphenvlacetvlVLrphenvlalaniMmi^ 

A. N-r3-methvl-N>f2,2-diphenvIacetvlVL-phenvlalanvn>S>trityl-L-cysteinan^ 

To a solution of 3-niethyl-N"(2,2-diphenylacetyl-L-phenylalanine (see example 302, 1 ,0 g. 
2.68 mmol), 1-hydroxybenzotriazole hydrate (0.41 g, 2.68 mmol) and N-methylmorpholine (0.74 
nJL, 6.69 mmol) in CH2CI2 (80 mL) is added l-(3-dimethylanunopropyl)-3-ethylcarbodiimide HCl 

m 

(0.77 g, 4.02 mmol) in one portion. After stirring 30 nunutes at room temperature, S-trityl-L- 
cysteinamide (0.97 g, 2.68 mmol) is added to the solution in one portion, and the solution is stirred 
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for 16 hours. Ttie solution is evaporated, and the residue partitioned between water (80 mL) and 
ethyl acetate (80 mL). The aqueous layer is washed with EtOAc (2 x 80 inL), and the combined 
organic layers aie then washed with 1 N HQ ( 100 mL), saturated aqueous NaHCOs (1 x 50 mL). 
water (1 x 50 mL) and Mne (1 x SO mL), dried over MgS04, and evaporated. The residue is 
triturated with Et20/hexane (1:1) to yield N-[3-methyl-N-(2,2-diphenylacctyl)-L-phcnylaIanyl]-S- 
trityl-L-cysteinamide as a white solid. 

B. N>r3>methvl>N-f2,2-diphenvlacetyn>L-phenylalanvlVL-cvsteina^^ 

To a solution of N'[3-n)ethyl*N-(2,2-dQxhenylacetyl)-L-phenylalanyI]-S-trity 
(0.68 g, 0.95 mmol) in CH2CI2 (20 mL) is added triethylsilane (0.30 mU 1.9 mmol), in one portion, 
followed by dropwise addition of trifluoroacetic acid (10 niL). The yellow sohitbn is stirred at room 
temperature for 1 hour, after which time solvent is evaporated, and the residue is suspended in water 
(30 mL), filtered, and the collected solid is washed with water and ether (100 niL each), and dried in 
vacuo, to yield of N-[3-niethyl-N-{2,2-diphenylacetyl)-L-phenylalanyl]-L-cysteinanm as a white 
solid. 

C. N.f3>methvl-N-f2.2>diphenvlacetvIVL-phenvlalanvlVS4r3-(meth^^ 
methyn-LrCVSteinamide 

A solution of N43-methyl*NK2,2-^phenyla£etyl)-L-phenyla]anyl]*L-cysteinai^ (0.72 g, 
1.51 mmol), methyl 3-(lxomomethyl)-bettzoate (0.35 g, Ul mmol), and diisopropytethylamine 
(0.27 mL, 1.53 mmol) is stirred at room tenq)«rature ovranight. Solvent is evaporated, and the 
residue is txeated with 1 N HQ (SO niL), and filtered to collect a white solid, which is washed with 
water and Et20 (100 mL each). Drying in vacuo yields N-[3-methyl-N«(2,2-diphenylacetyl)"L- 
I^yialanyl3-S-[[3-(raethoxycarbonyl)phenyl]methyl]-L-cysteinanude, as a white soUd. 

D. N424G-fmethoxvcarbonvl>phenvntMomethoxvVlfSVcvanoethyn-,V 

di phenvlacetvn -L^phenvlalaninamide 

Ox^yl chloride (0.29 mL, 2.90 mmol) is added dropwise to DMF (20 mL), and the resulting 
sohition is cooled to O^C. After the solution becomes clear, pyridine (0.54 mL, 5.8 nunol) is added, 
followed by N-[3-methyl-N-(2,2-diphenylacetyl)-L-phen3dalanyll-S-[[3-(methoxycarbonyl)-phen 
methyl]-L^ysteinamide (0.90 g, 1.51 mmol), in one portion. The yellow reaction solution is stirred 
at O^'C for 1 .5 hours, after which time it is diluted with EtOAc (50 mL), and washed with saturated 
NaHC03 (1 X 50 mL), saturated LiCl ( 1 x 50 mL), dried over MgS04. and evaporated. The residue 
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is cbromatograpbed (siUca, 33% EtOAc/hexane) to yield N-[2-[(3- 

(inetboxycarbonyl)pheiiyl)tiiioniethoxy^^ 

phenylalaninainKie as a white solid. 

Exan]ple308 N^r2-r(3-carboxvDheiivnmethanesu]finvl1>lfS>-^^ 

To a solution of N-[2-[(3H»dx)xyphray0thionietlK>xy^l(SHyanoethyI]-3*^ 
(2»2-diphenylacetyl)-I^phenylala]i]^^ (89 mg, 0.15 mmoD in acetone (5 mL) is added a solution 
of potassium peroxymonosulfate (Oxone®, 0.11 0.18 mmol) in water (S mL) at OX, and the 
solution is stirred at OX for 40 minutes. 5% NaHSO4(10 mL) is added, and the cloudy suspension 
is filtered. The solid is washed with water (SO mL), dried in vacuo, and then recxystalized (CH2Cl2» 
Et20) to yield N-t2-[(3K;arboxyphenyl)nKthanesulfinyl]-l(S)^yanoethyl]-3-niethyl^^ 
dqihenylacetyl-L-phenylalaninamide product, as a white solid, m.p. 170-17 IX. 

Example 309 N-r4-f3-niethoxvcarbonvl-lH>pvrazol-l>ylVlfSVcyanoh ^^ 
<^iphftnylacetvlVL-phenvlalaninamide 

A. t>bntvlfSV5-hydroxy-2-(t-butoxycarbonylaminoVpentanQate 

To a solution of N-(t-butoxycarbonyl)-L-glutamic acid t-butyl ester (6.0g, 19.78 mmol) and 
triethylamine (2.83 mL, 20.27 mmol) in THF at -lOX is added ethyl chloroformate (1.94 mL, 20.27 
nunol) dropwise. via syringe, and the solution is stirred at -lOX for 30 minutes. The sohition is 
filtered to remove precipitate, and the fiUrate is added into a solution of NaBH4 (2.3 g, 60.86 mmol) 
in THF (40 mL) and water (SO mL). This sohtion is then stirred for 4 hours, aft^ which time the 
solution is acidified with 1 N HCl to pH = 5, and THF is evaporated. The aqueous residue is 
extracted with EtOAc (3 x 200 mL), and the organic layers is then washed with 1 N NaOH (2 x 300 
mL), water (300 mL) and brine (300 niL), dried over MgS04, and evaporated. Chromatography 

(silica, 20% EtOAc/hexane) yields t-butyl (S)-S-hydroxy-2-(t-butoxycarfoonylaniino)-pentanoate as a 
thick oil. 

B. Nbutvl rSV5-iodo-2-ft-butQXVcarfaonvlaminoVpentanoate 

To a solution of t-butyl (S)-S-hydroxy-2-(t-butoxycarbonylamino)-pentanoate (5.79 g, 20.0 
mmol), triphenylphosphine (8.13 g, 31.0 mmol) and imidazole (2.04 g, 30.0 mmol) in CH2CI2 (200 
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iiiL) at room teinperaniie is added iodine (6.3S g, 2S.0 mmol) , portionwise, over 30 minutes. The 
niixture is then stirred 16 hours at room ten^rature. Methanol (20 mL) is added to the solution, 
which is then stirred an additional 1 hour. Solvent is evaporated, and the residue is purified by 
chromatography (silica, 33% EtOAc/hexane) to yield t-butyl (S)-5-iodo-2-(t-butoxycarbonylaniino)- 
pentanoate as a clear oil 

C. 3>methvl-Na>r2.2-dh)henvlacetvlVI^Dhenvla1anine N^hydroxvsuccinimi^^ t^j^^ 

A solution of 3-niethyl-N-(2,2-diphenylacetyI)-L-phenylalanine (see example 1, 10.93 g, 
2.5 mmol) in dioxane (50 mL) at O^'C is added N-hydroxysuccinimide (0.29 g, 2.5 mmol) in one 
portion, followed by a solution of DCC (0.S2 g, 2.5 mmol) in dioxane (10 mL), which is added 
dropwise over 1 0 minutes. The cloudy mixture is warmed to room temperature overnight, after 
which time it is cooled back to OX, and filtered. The filtrate is evaporated to yield 3-methyl-Na- 
(2^*diphenylacetyl)-L-phenylalanine N*hydroxysuccinimide ester as a white solid. 

D. t-butvlfS)-5>f3-methoxvcarbonvl>lH-0vra2ol-l-vlV2-ft-^^^ 

To a solution of methyl IH-pyrazole 3-carboxylate (Synth, Comm., 25, 1995, 761) (0.98 g, 
7.74 mmol) in DMF (20 mL) at O^'C is added NaH (60% suspension, 0.31 g, 7.74 mmol) 
portionwise, over 10 minutes. After stirring an additional 10 minutes, a solution of t-butyl (S)-S- 
iodo-2-(t'butoxy-carbonylamino)-pentanoate (2.78 g, 9.29 mmol) in DMF (20 mL) is added over 2 
minutes, and the solution is warmed to room ten^rature over 16 hours. The solvent is evaporated 
(high-vac), the residue is treated with water (50 mL) and the aqueous layer is extracted with EtOAc 
(3 X 80 mL). The combined organic layers are washed with water (2 x 200 mL) and brine (100 mL), 
dried over MgS04, and evaporated. Chromatography (silica, 25% EtOAc/hexane) yields the two 
regioisomeric products in a -2: 1 ratio. The minor product, which is determined to be the desired 

product, t-butyl (S)-5-(3-methoxycarboivI-lH"pyrazol-l-yl)-2Kt-butoxycarbonylamino)-^^^ 
is isolated as a thick, clear oil. 

E. fSl-S-(-3-meth nyycarbonvl-lH-pyrazol>l-vlV2>aini^ 

To a solution of t-butyl (S)-5-(-3-inethoxycarbonyl-lH-pyrazoH-yl)-2-(t- 
butoxycarbonylainino)-pentanoate(0.84 g, 0.21 mmol) in CH2CI2 (20 mL) at 0*^0 is bubbled HCl gas 
for 30 minutes. Afterward, the solution is warmed to room temperature over 30 minutes. 
Evaporation of solvent yields {S)-5-(-3-methoxycarbonyHH-pyra2oH-yl)-2-aminopentanoic 
acid-HCl as a gray-white solid. 
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F. N-r4>f S-mftthoxvcarbonvl- lH>Dvrazol- 1 1 f S^-carboxvbutvlU3^me^ hvl-Na-ri 

To a solution of (S)-5-(-3-nKthoxycarbonyl-lH-pyrazoKl-yl)-2-aniinopentanoK acid-HCl 
(0,67 g, 2.13 mmoD in 10 mL water is added a solution of NaHCO3(0.72 g, 8.53 mmol) in water (10 
ttiL), After bubbling subsides, a solution of 3-m&thyl-Na-(2;2-diptenylacetyI)-L-phenylalanine N- 
bydroxysuccinimide ester (0.67 g, 2.13 mnx)!) in 20 mL dioxane is added dropwise over 10 minutes, 
and the solution is stirred at room teiiq)erature for 16 hours. Solvent is then ev^orated, and the 
residue is diluted with water (SO mL) and adjusted to pH « 4 with 1 N HCL The aqueous layer is 
extracted with EtOAc (3 x 80 mL), and the combined extracts are washed with brine (2 x 100 mL), 
dried over MgS04, evaporated, and triturated fromEt20 to yield N-[4-(3-methoxycarbony]-lH- 

pyrazol- 1 -yl)- 1 (S)-carboxybutyll-3-methyl-Na-(2,2<UphenylacetyI)-L-phenylalaninam is 
carried on directly. 

G. N-r4>r3>methoxvcarbonvl-lH-Pvrazol>l-vlVUSWaminocarbQnvn-^^^ 

diphenvlacetv n-^ rPkft Ylfllfl^?ff<'mi^ 

A solution of N-[4<3-methoxycarbonyl-lH-pyra2ol-l-yl)-l(S)-carboxybutyIl-3-methyl-N^ 
(2,2-diphenylacetyl)-L-phenylalaninamkie (0.3 g, 0.5 mmol)) and N-methytoiorpholine (0.17 mL, 1.5 
ramol) in CM2CI2 (50 xriL) is cooled to "10"*C, and isobutyl chloroformate (0.065 mL. 0.5 mmol) is 
added dropwise over 10 minutes. After stirring for 15 minutes, ammonia gas is bubbled into the 
solution at a moderately vigorous rate for 15 minutes. The solution is then warmed to room 
tenq)erature ov^ 30 min. CH2CI2 is evi^orated. the residue is treated with water (30 mL). The 
suspension is adjusted to pH 7 with 1 N HCl, and filtered. The solid is washed with water (50 mL) 
and dried in vacuo to yield N-[4-(3-inethoxycaibonyl-lH-pyra2ol-l-yI)-l(S)-(aminocarbonyl)-butyl]- 
3-raethyl-Na-(2,2-diphenylacetyl)-L-phenylalaninamide. 

H. N-f4-f3-methD itycarbonvl-lH-pvra2QUI- yn-US^H;vanobutv^ 

diphenyIacetvlVL-phen y)f*lftnMl?™^g 

Oxalyl chloride (0.082 mL, 0.94 mmol) is added dropwise to DMF (20 mL), and the 
resulting solution is cooled to 0°C. After the solution becomes clear, pyridine (0. 15 mL, 1.88 mmol) 
is added, followed by N-[4-(3-methoxycarbonyl-lH-pyra2oH-yl)-l(S)-(aminocarbonyl)butyi]-3- 
methyl-Na-(2,2-diphenyl-acetyl)-I^pheny]alaninamide(0.28 g. 0.47 mmol). in one portion. The 
yellow reaction solution is stirred at O^C for 1.5 hours, after which time it is diluted with EtOAc (50 
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mL), and washed with saturated NaHCOs (I x 50 inL), saturated LiQ (1 x 50 mL), dried over 
MgS04. and evaporated. The residue is chromatographed (silica, 66% EtOAc/hexane) to yield N- 
[4-(3-inethoxycartx)nyI-lH-p)TaMlTl-yl)-l(S)-cy^ 
phenylalaninaimde as a white solid. 

Example 310 N-r4-G-methoxvcarbonvl-phenvlV1fSVc vaiK)butvll-3>TT[ict 
diphenvlacetyn-L-phenylalaninamide 

A. N-ft-butoxycarbonyR^fSVpropargvlylycineainidfi 

To a solution of N-(t-butoxycarbonyI)-(S)-propargylglycine (2.44 g, 1 1.45 mmol) in CH2CI2 
(50 mL) is added N-methylinorpholine (3.78 mL. 34.4 mmol) in one portion. The solution is then 
cooled to -lO^'C, and isobutyl chbroformate is added dropwise over 5 mumtes. After stirring for 15 
minutes, ammonia gas is bubbled into the reaction mixture at a moderately vigorous rate for 15 
minutes. The resulting milky suspension is then warmed to room temperature over 2 hours, and the 
mixture is washed with 1 N HCl (2 x 25 mL)» aqueous NaHCOa (25 mL) and toine (25 mL), and 
then dried over MgS04. Evaporation of solvent, followed by chromatography (silica, 65% 
EtOAc/hexane) yields N-(t-butoxycarbonylHS)-propargyIglycineamide, as a clear oil. 

B. fSV2-ft-butoxvcarbonvlaminoV5-f 3-carbonietbQxyph envn-4-pent^^ acid amide 

A sohition of N-(t-butoxycarbonyl)-(S)-propargylglycineamide (1.15 g, 5.33 mmol), methyl 

3-bromobenzoate (1.15 g, 5.33 mmol), and Cu(I)I (0.041 g, 0.214 mmol) in triethylamine (25 mL) is 

deoxygenated with bubbling N2 for 2-3 minutes. Bjs(tr^)henylphosphine)paIladium dichloride (0.075 

g, 0.1 1 nunol) is then added in one portion, and the mbcture is refluxed for 3 hours, after which time 

solvent is evaporated. The residue is then taken up in EtOAc (10 ml), and then washed with 1 N 

HQ (40 mL) and brine (30 mL), and then dried over MgS04. The residue is chromatographed 

(silica, 80% EtOAc/hexane) to yieki (S)-2-(t-butoxycarbonylaniino)-5-(3-carbomethoxyphenyl)-4- 
pentynoic acid amide, as a light yellow solid. 

C. fS)-2-butoxvcarbonvlamuK)-4-f3K:aibom ethoxvphenvlVpentana^ 

To a solution of (S)-2<t-butoxycarbonylaniino)-5-(3<arbomethoxyphenyl)-4-pentynoic acid 
amide (1.1 1 g, 3.22 mmol) in 1:1 ethanoimiF (50 mL) is added 10% Pd/C (0.5 g), and the mixture 
is hydrogenatcd at 1 atm. for 1.5 hours. The mixture is filtered through celite, and evaporated to 
yield (S)-2-butoxycarbonylamino-4-(3-carbometboxyphenyl)-pentanamide, as a clear oil. 
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E. rsV2^aiTiino^>f3K:arfaoinethoxyphenvl>-pentana^ Ha 

To a solution of (S)-2-(t-butoxycarbonylainino)-5-(3-carboinethoxyphen 
(1.22 g, 3*5 mmol) in BtOAc (75 mmol) at 0°C is bubbled HQ gas at a moderately vigorous rate» for 
S minutes^ The solution is then warmed to room temperature for 30 minutes Evaportion of solvent 
yields (S)-2-aniino-4-(3-carbomethoxyphcnyl)-pentanamide HCl salt as a light yeflow solid. 

F. N-.r4-(3-methoxvcarboDvKphenvlVl(SWaminocarbonvlVbutYl]> 3-i^^ 
diphenYlacetvn-I^Dhenvlalaninamide 

To a solution of (S)-2-amino-5-(3-carbomethoxyphenyl)-pentanamide HCl (0.30 g, 0.80 
mmol), of 3-methyl-N-(2,2-diphenylacetyl)-L-phenyIalanine (0,23 g, 0.80 mmol). l- 
hydroxyb^izotriazok hydrate (0.135 g. 0,89 mmol) and N-methylmorpholine (0.35 ml, 3.2 mmol) in 
CH2CI2 (25 mL) is added l-(3-dimethylaminopropyl)-3-ethylcarbodiimide-HCl (0.23 g, 1.2 ramol) in 
one portion, and the mixture is stirred at room temperature for 16 hours. The solution is then 
washed with 1 N HCl (100 mL), saturated aqueous NaHCOs (1 x 50 mL), water (1 x 50 mL) and 
brine (1 x 50 mL), dried over MgS04, and evaporated. The residual solid is triturated with ether to 

yield N-[4-(3-metboxycarbonyl-phenyl)-l(S)-(aminocarbonyl)-butyl}-3-methyl-^^ 
dipheir^lacetyI)-L-phenylalaninamide as a light yellow solid. 

G. N->f4>f 3-methoxvcarbonvl-phenvl>- 1 (S)-cvanobutvn-3- methv^Na-f 2-2--diphenvlac&tyn-L^ 
phenylalaninamide 

Oxalyl chloride (0.12 mL, 1.39 mmol) is added dropwise to DMF (10 mL), and the resulting 
solution is cooled to 0**C. After the solution is clear, pyridine (0.22 mL, 2.78 mmol) is added, 

followed by N-[4-(3-methoxycarbonylphenyl)- 1 (S)-(aminocarbonyl)butyl]-3-methyl-Na-(2,2- 

« 

diphenylacetyl)-L-phenylalaninamide (0.42 g, 0.70 mmol), in one portion. The yellow reaction 
sohition is stirred at 0**C for 1 .5 hours, after which time it is diluted with EtOAc (50 mL), and 
washed with saturated aqueous NaHCOa solution (1 x 50 mL), saturated aqueous UCl solution (1 x 
50 mL), dried over MgS04. and evaporated. The residue is chromatographed to yield N-[4-(3- 

methoxycarbonyl-phenyl)-l(S)-cyanobutyll-3-methyKNa-(2,2-^iphenylacety!).L-phcnyW 
as a yellow solid. 

By repealing the procedure described above in Examples 302 to 310, using appropriate 
starting materials and conditions the following compounds of formula XVin are obtained as 
identified below in Table 11. 
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The con^>ounds of Examples 302 to 419 are selective inhibitors of cathepsin B, having ICsos 
for tnhiUtion of cathepsin B, in the in vitro cathepsm B assay described above, which arc typically in 
the range from about S nM to about 1000 nM. IDustrative of the invention, the ICso in the in vitro 
cathq)sin B assay is about S nM for the compound of example 303. 

In vbw of their properties as selective or broad based inhibitors of cathepsin L, S and/or B 
the Compounds of the Invention described above in Examples 154 to 419 may be used for treatment 
or prophybxis of diseases or medical conditions mediated by cathepsin L, S or B; for instance as 
hereinbefore described. 

Example 420 Prq)aration of 1 ,000 capsules each containing 25 mg of a Compound of the 
Invention, using the foDowing ingredients: 

Conq)ound of the Invention 25.00 g 

Lactose 192.00 g 

Modified starch 80.00 g 

Magnesium stearate 3.00 g 

Procedure : All the powders are passed through a screen with openings of 0.6 mnu Then the 
drug substance is placed in a suitable nuxer and mixed first with the magnesium stearate. then with 
the lactose and starch untQ homogeneous. No. 2 hard gelatin capsules are filled with 300 mg of said 
mixture each, using a capsule filling machine. 



CA 02306313 2000-04-13 



WO 99/24460 



PCr/EP98/06937 



126 



CLAJMS 




linker or an additional hetero atom, directly by aryl, lower aBcyl. lower alkenyl, tower alkynyl 
or heterocyclylt 



for use as a pharmaceutical. 
2. A conq)ound of formula U or a physiologically-acceptable and -cleavable ester or a salt thereof 



wherein: 

R is optionally substituted (aryl, lower alkyl, lower alkenyl lower alkynyl, or heterocyclyl); 
R2 and R3 are independently hydrogen, or optionally substitued [lower alkyl, cycloalkyl, 
bkycloalkyl, or (aryl, biaryl, cycloalkyl or bicycIoalkyI)-!ower alkyl]; or 
R2 and R3 together represent lower alkylene, optionally interrupted by O, S or NR^, so as to 
form a ring with the carbon atom to which they are attached 

wherein R^ is hydrogen, lower alkyl or aiyl-lower alkyl; or 
either R2 or R3 are linked by lower alkylene to the adjacent nitrogen to form a ring; 
R4 and Rs are independently H, or optionally substituted (lower alkyl, aryl-lower alkyl), - 
C(0)0R7, or .C(0)NR7R8, 

wherein 

R7 is optionally substituted (lower alkyl, aryl, aryl-lower alkyl, cycloalkyl, bicycloalkyl or 
heterocyclyl), and 

Rs is H, or optionally substituted (lower alkyl, aryl, aryl-lower alkyl, cycloalkyl, 
bicycloalkyl or heterocyclyl), or 



or a physiologically-acceptable and -cleavable ester or a salt thereof, 




Y 
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R4 and Rs together represent lower aDcsdene, optionaUy interrapted by O, S or NR*. so as to 
form a ring with the carbon atom to which they are attached 

wherein R« is hydrogen, lower aDcyl or aryWower alkjrt. or 
R4 is H or optionally substituted lower alkyi and R3 is a substituent of fbrnmla -Xj-(Yj)n-<Ar)p- 

Q-Z 
wheiem 

Y, is O, S. SO, SO2, N(R6)S02. N-R«, SOjNR^, CONR« or NIUCO; 
n is zero or one; 

if 

p is zero or one; 

X2 is lower alkylene; or when n is zero, X^ is also Ci-Cv-aBcylene interrupted by O, S, 
SO. SO2. S02NR«- CONRfi or NReCO; 

wherein R« is hydrogen, lower allcyl or aryl-tower alkyl; 

Ar is arylene; 

Z is hydroxy, acyloxy, caiboxyl, esterified carboxyl, aimdated carboxyl aminosulfonyl, 
(lower alkyl or aryHower alkjd)animosulfonyl» or (lower alkyl or aryl-iower 
aBcyOsulfonylanrinocarbonyl; or Z is tetrazolyl triazolyl or imidazolyl; 
Q is a direct bond, lower alkylene, Yplower alkylene or C2-C7-alkylene interrupted by 

Y,; 

X, is .C(0)-, -C(S)., -8(0)-, -S(0)2-, or-P(0)(OR6)-, 

wherein is as defined above; 
Y is oxygen or sulphur, 

L is optionally substituted -Het-, -Het-CH2- or -CHi-Het-, 

wherein Het is a heiero atom selected from 0, N or S, and 
X is zero or one; 

and aryl in the above definitions represents carbocyclic or heterocyclic aryl, 
for use as a pharmaceutical; 

a pharmaceutical composition comprising a compound of formula I as defined above as an 
active ingredient; 

a method of treating a patient suffering from or susceptible to a disease or medical condition in 
which a cathepsin is implicated, comprising administering an effective amount of a compound 
of formula I as defined above to the patient; or 



CA 02306313 2000-04-13 



WO9»y24460 



PCT/EP9S/06937 



128 



use of a conqpound of formula I as defined above for the preparation of a roedicameiit for 



either one of R4 or R5 is a substituent of formula -X2-(Yi)n-(Ar)p-Q-Z. or R is not 

unsubstituted phenyl; 
provided that when R2=:R4 = R5-H,xis zero and X| is -C(0)-, 

R3 is not H. -CH(CH3)2, -CHrCH-(CH3)2. -CH2-COOH, or -CH2-COO-CH2-CH3. 
when R is unsubstituted phenyl, 

R3 is not H, -CH(CH3)2, or -CH2-CH-(CH3)2, when R is 4-aininophenyl or 4-nitrophenyl, 
R3 is not H when R is 3-anunoi*enyl, 3-nitrophenyl 2-cMoropyridin-4-yl, or vinyl or 
R3 is not -CH2-CH2-S-CH3 when R is pyridin-3-yl or 2-chloropyridin-4.yU 
provided that when R2 =5 R3 = R4 H, x is zero and Xj is -C(0)- and R is phenyl, 
Rs is not -CH(CH3)2. 

provided that when R3 = R4 = H, R5 is -CH2-CH2-COOH, x is zero and X| is -C(0)-, 
R2 does not form a heterocyclic ring with the adjacent nitrogen atom* and 

provided that when Ri = R3=:R4 = R5 = H,xiszcroandXi is-SOi-, 
R is not 4-methylphenyl. 

A compound according to claim 3, of formula II, or a physiologically-acceptable and -cleavable 
ester or a salt thereof 





one of R4 or Rs is a substituent of formula -X2-(Yi)n-(Ar)p-Q"Z; 
provided that when x is one, L is -0-, or -CH2-O- and Xi is -C(0)-, 




II 



wherein: 



• tl 
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Rao is optionally substituted (aiyl, aiyl-lowcr alkyl lower alkenyl lower alkynyl, heterocyclyl, 
. or heterocycIyWower alkyl); 
R22 is H, or optionally substitued lower alkyl, and 

R23 is optionally substituted (lower alkyl, aryMower alkyl, or cyloaficyl-lower alkyl) or 
R22 and R23 together with the carbon atom to which they are attached form an optionally 
substituted (cyctoalkyl group or heterocycloalkyl group); 

R24 and R2S are independently H, or optionally substituted (lower alkyl, or aryMower aBcyl), * 

C(0)0R7, or -C(0)NR7R8. 

wherein R7 andRs are as defined above, or 

R24 and R25 together with the carbon atom to which they are attached form an optionally 
substituted (cycloalkyl group or heterocycloalkyl group); 
Xi is as defined in claim 2; 
Y is oxygen or sulphur; 

L' is optionally substituted (-Het-CHa- or -CHa-Het-), 

wherein Het is a a hetero atom selected from O, N or S, and 

X is 1 or 0, 

provided that when x is one, L is -012-0- and X| is -C{0)-, 

R20 is not unsubstituted phenyl, 
provided that when R22 = Rw = R25 = H, x is zero and X) is -C(0)-, 

R23 is not H, -CH3, -CH(CH3)2, -CH2-CHh(CH3)2, -CHi-COOH, or -CHrCOO-CHj- 

C:H3, when R20 is unsubstituted phenyl, 

R23 is not H, -CH(CH3)2, or -CH2-CH-(CH3)2» when R20 is 4-aminophenyl or 4- 
nitrophenyl, 

R2a is not H when R20 is 3-aminophenyI, 3 -nitrophenyl 2-chloropyridin-4-yl, or vinyl, or 
R23 is not -CH2-CH2-S-CH3 when R20 is pyridin-3-yl or 2-chloropyridin-4-yl, 
provided that when R22 = Ria = R24 H, x is zero and X| is -C(0)- and R20 is phenyl, 
R25 is not -CH(CH3)2. 

provided that when R23 = R24 = H, R25 is -CH2-CH2-COOH, x is zero and Xj is -C(0)-, 

R22 does not form a heterocyclic ring with the adjacent nitrogen atom, and 
provided that when R22 = R23 = R24 = R25 = H, x is zero and Xi is -SO2-, 



at 
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R20 is not 4-inethylphenyL 

A coiiq)ound according to ckum 3, of formula II' or a physiologically-acceptable and - 
cleavable ester or a sah thereof 



wherein: 

is opUooally substituted (Q-Cts aryl or C4-CU heteroaryl); 
R22' is H, or optionally substitued Ci-Cg alkyl, and 
R23' is optionally substituted (Cz-Cs alk^ or C7-C14 araOcyl), or 
R22' and R23' together with the carbon atom to which they are attached form an optionally 
substituted (C3-CB cycloalkyl group or CU-C? heterocycloalkyl group); 
R24' and Ris' are independently H, or optionally substituted (Ci-Cb alkyl, C7-C14 aralkyl, or C 
Ci4 heteroaralkyl), -C{0)0R6\ or -C(0)NR6'R7\ 
wherein 

is optionally substituted (Ci-Cs alkyl CrCu aralkyU Cs-Cg cycloalkyl, C4-C7 
heterocycloalkyl. C5-C14 heteroaralkyl, Q-Cu aryl, or C4-C)4 heteroaryl), and 
R7' is H, or optionally substituted (Ci-Q alkyl, C7-C14 aralkyl, Ca-Cg cyctoalkyl, C4-C7 
heterocycloalkyl, C5-C14 heteroaralkyl, Ce-Cu aryl, or C4-C14 heteroaryl), or 

R24* and R25* together with the carbon atom to which they are attached form an optionally 

substituted {CyCz cycloalkyl group or C4-C7 heterocycloalkyl group); 

X, is -C(0)-, -C(S)-, -S(0)-. -S(0)2-, •P(0)(0R4')- 
wherein Ra' is as defined above; 

Y is oxygen or sulphur; 

L' is optionally substituted (-Het-CHj- or -CHs-Het-), 

wherein Het is a a hetero atom selected from O, N or S, and 
X is 1 or 0, 

provided that when x is one, L' is -CH2-O- and Xi is -C(0)- 
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R20' is not unsubstituted phenyl^ 
provided that when R72 = R^a' = R25' = H, x is zero and X| is -C(0)-, 

R23* is not H, -CH3, -CH{CH3)2, -CH2-CH-(CH3)2, <MrCOOH. or -CH2-COOCH2- 
CH3, when is unsubstituted phenyl 

R23' is not H, -CH(CH3)2, or -CH2-CH-(CH3)2, when R20* is 4-aminophenyl or 4- 
nitrophenylt 

R23* is not H when R20' is 3-ainmophenyl, 3-nitropbenyI, 2-chloropyridin-4*yl, or vinyl, 
or 

R23' is not -CH2-CH2-S-CH3 when R20* is pyridin-3-yl or 2-chloropyridin-4-yl, 
provided that whm ^2' = = R24* = H, x is zero and Xi is -C(0)- and R20* is phenyl, 

R25" is not -CHCOfck 
provided that when R23' » R21' » H, is -CHrCHrCOOH, x is zero and Xi is -C(0)-, 

R20' does not form a heterocyclic ring with the adjacent nitrogen atom, and 
provided that when R22* = R23' « R24* = R25' H, x is zero and X| is -SO2-, 
R20' is not 4-niethylphenyL 



A compound of formula IQ 

1^ ^ 1,1 

F^NH— C-OONH— C-C=N 

Raa X2-(Y,)n-{Ar)p-Q— Z 

wherein 

R30 is an acyl group derived from an organic carboxyiic, carbonic, carbamic or sulfonic acid; 

R32 and R33 are mdependently hydrogen, lower alkyl, cycloalkyl, bicycioalkyl, or (aryl, biaryl, 

cycloalkyl or bicycloall^l)-lower alkyl; or R32 and R33 together represent lower alkylene 

so as to form a ring together with the carbon to which they are attached; 

R34 is hydrogen or lower alkyl; 

X2,Yu At, Q. Z. n and p are as defined in claim 2; 

and pharmaceuticaily acceptable salts and esters thereof, 

for use as a pharmaceutical. 
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7. A coimound of formula m as defined in claim 6» wherein R30 is an acyl group derived from an 
organic carboxylic, carbamic or sulfonic add, 

and phannaceutically acceptable salts and esters diereof. 

8. A compound according to claim 7, wherein 

(a) p is one; 

(b) Yi is O. SO. SO2, N(R6)S02 or N-R6; and 

(c) X2 is lower alkykne; or when n is zero, Xi is also C2-Cra]ky]ene interrupted by O, S, 
SO. SO2 or NR<, 

and phannaceutically acceptable salts and esters thereof.. 

9. A con^und according to claim 2, of formula IV 



if 



942 944 



R40 C NH C CO NH C 0^ N (IV) 



R43 ^^45 



wherein 

R40 is substituted phenyl or heterocyclic aryl, (mono- or di- carbocyclic or heterocyclic aryl)- 

lower alkyl or lower alkenyU or heterocyclyl; 

R42 is hydrogen or lower alkyl; 

R43 is carbocyclic or heterocyclic aryl - lower alkyl; 

R44 and R4S are independently hydrogen or lower alkyl; or 

R44 and R45 combined represent lower aOcyloie; 

and phannaceutically acceptable salts and esters thereof. 



10. A conq)ound according to claim 3 of formula V, or V* 



( 
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2» H 
r O I 

X,-NH-r-"-NH4-C=N 



H 
I 



Rae'-NH 



C-CONH— C CSN 

^ Xj-YrAr-Q-Z 



V 



'40 



C NH 



'43 



C CO NH 



H 



c 

i 



C = N V" 



^45 



wherein the syiribols aie as defined above, and 
pbysioiogically-acc^table and -cleavable esters or salts thereof, 

A process for the preparation of a compound of formula I as defined in claim 2, comprising 
(a) converting an amide of the fomuila VI 



XrNHHjJ-CONH-C-CONH^ 

X ^ VI 



wherein R. R2, Rj, R* and R5 have meaning as previously defined in claim 2 for the compounds 
of formula I to a nitrile of formula I; or 



(b) condensing a compound of the formula VII 
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I Vii 



whMeinR4 and Rs have meaning as defined in claim 1, with an acid of fonnula Vl 



Rf LH — XpNH C-COOH 



II ' 
I 1^ Rg 



* " VIII 



wherein R. R2 and R3 have meaning as defined in claim 1 ; or with a reactive derivative theareof, 
or 

(c) condensing a compound of the formula la 

r I 

K>(-C-CONH-C-CsN (la) 
I I 

wherein Ra. Rj. R4 and Rs have meaning as defined in claim 1 widi an acid corresponding to 
the group R-[L1,-Xr or vi^ith a reactive derivative thereof; and in the above processes, if 
required, ten^c^arily protecting any interfering reactive groups and tiien isolating the resulting 
compound of the invention; and, if desired, converting any resulting compound into another 
comwund of the invention; and/or if desired, converting a resulting conqwund into a salt or a 
resulting salt into the free acid or base or into anothw salt. 



A method of inhibiting cathepsin activity in a mammal whfch con5)rises administering to a 
mammal in need thereof an effective amount of a compound of formula I as defined in claim 2. 



PCT/EP9a/06937 

13. A method of txcating cathepsin dq)eiident conditions in a maimnal which comprises 
administering to a nMfnTnal in need thereof an effective amount of a compound of formula I as 
defined in claim 2. 

14. A method according to claim 13 of treating inflammation, osteoporosis, rheumatoid arthritis 
and osteoarthritis. 

15. A cathepsin i n hi biting pharmaceutical composition which conqnises a compound of formula I 
as defined in claim 2 as an active ingredient. 
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